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PREFACE. 

The subjects of tlie following pages have been 
tauglit orally at tlie Military Academy for many years ; 
but, for the saving of time, and tlie convenience of 
tlie pnpils, it has been thought best to clothe them 
in a printed dress ; and as, in this form, the volume 
might be found useful in other schools, us an appli- 
cation of deseiiptive geometry to practical questions, 
it was also thought well to have it published. 
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ONE PLANE DESOMPTITE GEOHETEY 



FORTIFICATION DEAWING. 



1, The method now in general use, among military en- 
gineers, for delineating the plans of permanent fortifications, 
18 similar to the one wliieh Iiad been previously employed 
for representing the natural surface of ground in topograph- 
ical and hydrographical maps; and which consists in projec- 
ting, on a horizontal plane at any araumed level, the bounding 
lines of the surfaces and also the horizontal lines cut from 
them by equidistant horizontal planes, the distances of these 
lines from the assumed plane being expressed wmneriGiMy 
in terms of some linear measure, as a yard, a foot, &c. 

2, Plane of Reference or Comparison. The assum- 
ed horizontal plane upon which the lines are projected is 
termed the^^one of mmma/nson or ploMS of reference, as it 
is the one to which the distances of all the lines from it are 
referred, and as it serves to compare these distances with 
each other and also to determine the relative positions of 
the hnes. 

3, Heferenoes. The numbers which express the dis- 
tances of points and Hnes irom the plane of comparison are 
termed references. The unit in which these dktances are 
expressed is usually the linear foot and its decimal divisions, 

Aa tlie position assumed tor the plane of comparison is 
arbitrary, it may be taken either above or below every point 
of the surfaces to be projected. In the French military ser- 
vice it is usually taken above, in oar own below the surfaces. 
The latter seems the more natural and is also more conveni- 
ent, aa vertical distances are more habitnaUy estimated from 
below upwards than in the contrary direction. Each of 
these methocfe has the advantage of requiiTug but one kind 
of symbol to be used, viz : the numerals expressing the ref- 
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3 OHB PLAHi DESCBIFTIVE GEOMBTBT. 

erences; wberea?, if tlit plane of comparison were so 1 alien 
that some of tlie points or lines projected shonld lie on one 
Bide of it and some on the other, it would be then necessary 
to use, in connection with the references, the algebraic sym- 
holaphis or mdmis to designate the points above the plane 
from those below it. 

As the diatancea of all points are estimated from the 
plane of comparison, the I'eferenee of any point or line of 
tbia plane will therefore be zero, (0.0);. that of any point 
aboT6 it is nsuaUy espre^ed in feet ; decimal parts of a foot 
being used whenever the reference is not an entire number. 
Wlien the reference is a whole number it is written with one 
decimal place, thns (25.0) ; and when a broken number with 
at least two decimal places, thus (3.70), (16.63). In writing 
the reference the mart used, to designate the linear unit is 
omitted, in order that the numbers expressing references 
may not be mistaken for those which may be put upon the 
drawing to express iJie horizontal distances between points. 

The references of horizontal lines are written along and 
upon the projections of these lines. All other references 
are written as nearly as practicable parallel to the bottom bor- 
der of the drawing, for the convenience of reading tliem 
without having to shift the position of the sheet on which 
the drawing is made. 

This method of representing the projections of objects 
on one plane alone has given rise to a very useful modificar 
tion of the one of orthogonal projections on two planes, and 
has been denominated one plcme deacriptwe geoniei^y^ the 
plane of comparison being the sole plane of projection ; and 
the references taking the plaxie of the usual projections on a 
vertical plane. By this modification the number of lines to 
be drawn ia less; the graphical constructions simplified; 
and the relations of the parts is more readily seized upon, 
as the eye is confined to the examination of one set of pro- 
jections alone. 

But the chief advantage of it consists in its application 
to the delineation of objects, like works of pei-manent forti- 
fication, where, from the great disparity of the horizontal 
extent covered and the vertical dimensions of the parts, a 
drawing, made to a scale which would give the horizontal 
distances with accuracy, conld not in moat cases render the 
vertical dimensions with any approach to tlie same degi'ee 
of accuracy; or, if made to a scale which would admit of 
the vei-tical dimensions being accurately detennined, would 
require an area of drawing surface, to render the horizontal 
dimensions to the same scale, wbicn woidd exceed the con- 
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GSt: PLAUE DESCSIPTIVi; GEOMETIIY, 6 

veiiiont limits of practice. Taking for example an ofdinsiry 
eeale used for drawing the plans of permanent fortifications 
of one ijioh to Jifiy feet, or the scale j\^, the details of all 
the hoaiiding surfaces can he determined with accuracy to 
within the fractional part of a loot, whereas a Yertical pro- 
jection to the same scale would be altogether too small for 
the same purposes. 

4. Eoiut and Might Xiina. To designate the position 
of a point, PI. 1, Fig, 1, the projection of the point. and its 
reference are endosed within a bracket, thus (28.50). This 
expresses that the vertical distance of the point from the 

?lane of reference is 28 feet and fifty-hundredths of a foot, 
'he j»osition of a right line oblique to the plane of reference 
is designated by the projection ot the line, and tlie references 
of any two of its points. Thus in Fig. 1 the points a and 
Sj upon the projection of the right Hne, with their respective 
references (35.15) and (28.50), determine the position of the 
line with respect to the plane of reference. 

When the line is horizontal, or parallel to the plana of 
reference, its projection, with the reference of one of its 
points, win be sufficient to designate it, and fix its jiosition 
with respect to the plane of i-eference. Thns in Fw. 1 the 
reference (25.15), written upon the projection of Wie line, 
expresses that the line is horizontal, and 25,15 feet from the 
plane of reference 

5. For the convenience of numerical calculation, the po- 
sition of a line, with respect to the plane of reference, is 
often expressed in terms of the natural tangent of the angle 
it makes with this plane ; but as this angle is the same as 
that between the line and its projection, its natural tangent 
can be expressed by tlie difference of level between any two 
points of the hne, divided by the horizontal distance between 
the points. ISTow, as the difference of level between any 
Swo points of the line is the same as the difference of the 
references of the points, and the horizontal distance between 
Shem is the same as the horizontal projection of the portion 
of the line between the same points, it foHowa, that tlie nat- 
ural tangent of the angle which the line makes with the 
plane of reference is found hy dtrnMng ths ClAffer&n,c6 of the 
rsfe^ences of the ^xmia liy the distaaioe m horvsontal prc^ee- 
it<m hstween them. 

The vulgar fraction which expresses this tangent is term- 
ed the i/rwknaiion, or deolvoity of the line. Thus the frac- 
tion I would express that tlie horizontal distance between 
any two points is six times the vertical distance, or difference 
of their references; the fraction |, that the vertical distance 
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"bbtween any two points is two-thirds the horizontal distance ; 
the d&nm-iw/iator qf ^te fraction, in aH cases, representing 
ih.e wwrrib&f of pwrts m horisontal prtye^ieai, and ihs wmne- 
rator the oorresponding mwmher ojpa^ in v^Heal disia/noe. 

When the podtion of a line is designated in this way, it ia 
said to be a line ■whose inclination or declivity is one-sixth, 
two-thirds, ten on one, &c., or simply, a Mne of one-aiMh, &c. 

6, Having the" deeUTity of a line, tlie difference of refer- 
ence of any two of its pomfsj the projections of which are 
firen, will be found by mnltiplying the horizontal distance 
etween them by the fraction which expresses this declivity ; 
in like manner the horizontal distance of any two pointe 
will be obtained by dividing the difference of their references 
fey this Iraction. 

To obtain therefore the reference of a point of a line, 
having its projection, the horizontal distance between it and 
that of some other tnown point of the line muefc be deter- 
mined from the scale of the drawing by which the horizontal 
distances are meaeured ; this distance expressed in numbers, 
being mnltiphed by the fraction which egresses the declivity 
of the Kne, will give the difference of reference of the two 
points ,- the reqmred reference of the point will be fonnd by 
subtracting this product irom the reference of the Isnown 

{>oint, if it ie higner than the one son^t, or adding if it is 
ower. Thus let (25,15) be the reference of a known point 
higher than the one songht ,•; tlie horizontal distance between 
the points being 35.75 feet, and the inclination of the Hne 
,V , then 35.75 x rV = 3^75 will be the difference of refer- 
ence of the points, and 35,15 — S>75 = 21,575, the required 
reteience The converse of this allows that the horizontaJ 
di'^tince between two points on this line whoae difference of 
reference is 3.575 will be 3.575-^t^= 36.75 feet. 

7 When tlie projection of a line is divided into equal 
parts, each of which eorresponda to a anit in vertical dis- 
tance, and the references of the points of division are written, 
it is termed the secde &f deolimty of the line. In ef>natrueting 
the scale of declivity of a Hne, the entire references are alone 
put down ; one of fiie divisions of the eqtial parts being sub- 
divided into tenths, or hundredths if necessary, so as to give 
the fractional parts of the references eorr^ponding to any 
fractional part of an entire division, 

8. The ti'ue length of any portion of an obliqne line be- 
tween two given points is evidently the hypotheimse of a 
right angle triangle of which the otlier two sides are the dif- 
ference of reference of the points, and their horizontal dis> 
tance. 
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i^. Plane, The position of a plane oblique to the plane 
of reference may he determined either by the projections and 
refeyences of three of its points; by the projections and de- 
eliyity of two lines in it oblique to the plane of reference ; 
or by the projection of two or more horizontal lines of the 
plane with their references. 

The more usual method of representing a plane is by the 
projections on the plane of reference of the horizontal lines 
aetermined by intersecting it by ec^nidistant horizontal planes. 
These projections are termed horizontals of the plcme, those 
nsnally being taken the references of which are entire numbers. 

10. If in a giTen plane a line be drawnperpendicular to 
any horizontal line m it, the projection of this Hne on the 
plane of reference will be also perpendicular to the projec- 
tions of the horizontals. The angle of this line with the 
plane of reference is evidently the same as that of the given 
plane with it, and is greater than the angle between any 
other line drawn in the plane and the plane of reference. 
This line is, on this account, termed t/ie Une of greatest de- 
dwikf of the plane. 

11. If the scale of declivity of the line of greatest de- 
clivity be constructed, it will alone sei've to fix the position 
of the plane to which it belongs, and to detenuine the refer- 
ence of any point of the plane of which the projection is 
given. For since the honzontals are perpendienlar to the 
scale of declivity, the point where the horizontal drawn 
through the given projection of a point in the plane cuts 
this hne will determine upon the scale the reference of the 
horizontal, and therefore that of the point. 

12. The iaclination or deehvity of a plane with the plane 
of reference may be expressed in the same way as the incli- 
nation of its line of greatest declivity. Thus a^lane of <me- 
f<mrih; a plane of twenty on one; a flams of two-thvrds, 
expre^ that the natural tangents of the angle between the 
planes and the plane of reference are respectively represent- 
ed by the fractions \, -V't ^'^^ \- 

13. The horizontal distance between any two horizontal 
lines in a plane, the angle of which is given, can be found 
in the same way as the horizontal distance between two 
points of a line, the inclination of which is given, Art. Y, 
by dividing the difference of the reference of the two hori- 
Bontal lines by the fraction representing the declivity of the 
plane; in like manner the difference of references of any 
two horizontal lines will be obtained by multiplying their 
horizontal distance by the same fraction. 

14. To distinguish the scale of declivity, P\. 1, Fig. % 
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from any other line of a plane, it is always represented hy 
two fine parallel lines, drawn near each other, and crossed 
at the points of division, where the references are wi-itten, 
by short lines which are portions of the corresponding hori- 



With the foregoing elements the nsiia] prohlems of the 
right line and plane can be readily solved. 

15, Problems of the Rteht Xiine and IFlane. 

J^rob. 1, PI. 1, Fig. 3. Maioing the prelections and, refer- 
ences of -bwo Unes thai mterseot, to Jmd ike angle hetnoem, thmi. 

Let ab he the projection of one of the lines, the refer- 
ences of two of its points (10.30) and (4.90) being given ; 
od the projection of the other line, (lO.SO), and (5,0) being 
the references of two of its points; (10,30) being the point 
of intei'section of the two lines. 

Fin(J on each of the lines, AH. 7, a point having the 
same reference (T.O). The line joining these two points 
will be horizontal, and projected into its tme length; taking 
thia line as the base of a triangle of which the other two sides 
are respectively the true lengths of the portions of the two 
given lines projected between (10.30) and (7,0), Art. 7, the 
angle at the vertex will be the one reqnired. 

16, pTob. 2, Fig. 4, Through a point to draw a Une 
parallel to a given Ume. 

Let c (7.50) he the pToiection of the .point ; a5 that of 
the given line of which the two points (7.0) and (9,0) are 
known. 

Through o drawing cd parallel to oS, this wiU be the 
projection of the reqnii'ed line ; and as its declivity is the 
same as that of the given line, it will be only necessary to 
Bet off from c towards d, the same distance as between (7.0) 
and (9.0), to obtain a point (9.50) as far above (7.50) aa (9.0) 
16 above (7.0)- 

17, Prob. 3, Fig. 5. Throughapointim.aplam.etod/rav} 
a Tme in the plane with a gvoen inclination. 

Let ci^be the scale of deelivity of the given, plane, and 
a (5.50) the mven point ; and snppose, for example, that the 
declivity of the plane is | and that of the reqnired line is tV- 

Draw the horizontal of the plane (5.50) which passes 
through the point, aaid any other horizontal, as (7.0). The 
projection of tlie req^uired nne will pass throngh a, and the 
portion of it between the two horizontals will he eqnal, Art. 
6, to the difference of their references, or 1.6 ft. divided hj 
the fraction which represents the inclination of the required 
line. Describing, therefore, from «, an ai'c, with this dis- 
tance ae or 1,5 -^ ^V = 15 ft. as a radius, and joining the 
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point h, wliere it cuts tlie liorizontal (7.0), with «, tliia will 
he tlie projection of tlie required line. 

18. Prob. 4, PI. 1, Fig. 6. Rammg ih/yee p&mts of a 
ploTie, to construct its horisontals and scale ofdeolmity. 

Let a (12.0), h (15.25), and o (15.50), be the projectioiiB of 
the three points. Join a with the other two, and conetnict 
the scales of declivity of the Knes of junction. Art. 6. The 
lines joining the same references on these two scales will he^ 
horizontals of the required plane. Its scale of dechvity is 
constnicted by drawing two parallel lines perpendicular to^ 
the horizontals, and writing the references of the points- 
where they interaect the horizontals. 

19. Prol. 5, PI. 1, Fig.n. To find the horizontals of 
a plane passed tlvrougk a gvoen Une a/nd parallel to cmother- 
Ime. 

Let ah and cdhe the projections of the two lines, !Fi'oni 
a point (10.0) on cd draw a line <^, Prob. 2, parallel to ah; 
and by ProK i find the horizontals of the plane of df and 
cdj these will he the reqnired horizontals. 

20. Prob. 6, PI. 1, Fig. 8. To ^md the horkontala of a 
the deolmifg of loMah is gwen, and which passes 



Let hd be the scale of dechvity of the given line, and 
suppose, for example, the declivity of the line to be y'j and 
that of the required plane to be \. 

Since the horizontals of the plane must pass throiiffh the 
points of the line having the like references, and as the dis- 
tance in projection between any two of them, Art. 13, will 
he equal to the difference of their references divided by the 
fraction giving the dedivity of the plane, it follows that to 
find the one Mawn through 5 (14.0), for example, it will be 
simply necessary to describe from any other point, as a 
(12.0), an arc oi a circle, with a radius of 12 ft,, equal to 
the Quotient just mentioned, and to draw a tangent to this 
arc from i. If any other horizontal, as (16.0), is required, 
which would not intellect the projection of the given line 
within the limits of the drawing; any two points, as (12.0) 
and (140), for example, may be taken as centres, and two 
arcs be described from them, with radii of 12 and 24 ft., 
calculated as above, and a Hne be drawn tangent to the 
arc ; this tangent will be the required horizontah 

21. Prob. 7, PI. IjFig. d. Maoi/ng either the horlsontaf a. 
or tfie scales of dedwity of two planes, tofmd the^ ijit^seo- 
tion,. 

Join the points ah where any two horizontals, as (13.0) 
and (14.0), in one plane intersect the corresponding horizo:i- 
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tals of the other, aud the line so di'awu will "be the projection 
of the required intersection. 

22. When the horizontals of tlie two planes are parallel, 
or when they are so neai-ly parallel that their points of in- 
tersection cannot be accurately found, the following method 
may be taken: Draw any two parallel lines as od, o'd', PI, 
1, Fig. 10 ; these may he conai<3ered as the horizontals of an 
arbitrary plane, and having the same references, (12,0) and 
(14.0), as the two con'osponding horizontab in each of the 
given planes. The intersections of the horizontals of the 
arbitrary plane with those of the given planes will determine 
two lines, mil, m'n', which, being the projections of the in- 
tersections of the given planes with the arbitrary plane, 
will, by tbeir intersection o, determine tlie projection of a 
point common to the three planes, and therefore a point of 
the projection of the intersection of tbe two given planes. 
Assmning any other two parallels ab, a'i\ as the horizontals 
of another arbitrai'y plane ; finding in like manner the point 
o' and joining o and o' by a line, this will be the reqnired 
projection. 

w hen the horizontals of the two planes are pai-aUel, one 
point, as 0, will be sufficient to detennine the recLnired pro- 
jection, as it will be parallel to the horizontals. 

23. Prdb. 8, PI. 1, Fig. 11. To find where a gwen Ime 



Through the projections of any two points of the given 
hne, as m, n', having the same references, (12.0), (14.0), aa 
two horizontals of the given plane, draw two parallel lines, 
ab, a'h', which may be taken as the horizontals of/an arbitrary 
plane. The projection of the line of intersection, mn, of 
this plane with the given plane being deteraiined by Proh. 
7, the point o where it intersects the projection of the line 
■m'n' will be the projection of the required point, the refer- 
■ ence of which can be found from the scale of the plane. 

24. Prc^. 9, PI. 1, Fig, 12. To d/rcm from a gwm 
point a perpenmculm' to a gimen plane, amd fi/nd its length. 

Let a (12.0) be the projection of the given point; and 
let the given plane be represented by its scale of decbvity. 

The projection of the required perpendicular will pasa 
■through a, and be parallel to the scale of declivity of the 
given plane. The angle which it makes with the plane of 
reference is the complement of that between this plane and 
the given plane ; its tangent therefore wiU be the reciprocal 
of the tangent of that of the given plane. 

Drawing therefore through a the line ao parallel 1o hd, 
.and constructing its scale of declivity. Art. 7, this will be 
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the projection of the required perpendicular. Tlie projijc- 
tion of the point o where it pierces the given plane is found 
by Prob. 8, and the true length of tlie perpendicular hy 
Art. 8. 

25. Geometrical and Irregrular Suxfacee. 

All other surfaces niay, like the plane, Art. 1, be repre- 
sented by the pi-ojections on the plane of reference of the 
cnrves or lines cut from them hy equidistant horizontal 
jilanes, together with the references of these cui'vra ; as many 
of these projections being draivn as may he requisite to de- 
termine all the points of the surface with accuracry ; and 
their references heing written in the same way as those of 
the horizontals of a plane. 

In the more simple geometrical surfaces, a single hori- 
zontal curve, with the projection of some point or line of 
the surface, will alone sumee. Por example, the cone may be 
represented by tlie projection and reference of any curve cut 
from it by a horizontal plane, with the projection and refer- 
ence of its vertex ; a cylinder by the projection and reference 
of a lilce curve, with the projection and reference of its axis, 
or of one of ita right line elementa ; a sphere by the projec- 
tion and reference of its centre and tiiat of its great circle 
parallel to the plane of reference. 

26. This method of projection is more particulai-ly ad- 
vantageous in the representation of irregular surfaces which, 
like the natural surfaces of gi'ound, for example, are not sub- 
mitted to any geometrical law, and in solving the various 
problems of tangent and secant planes to surfaces of this 
character. These surfaces can, for the most part, be alone 
represented by the projections of the horizontal cui-ves cut 
from them by equidistant horizontal planes, and by suppos- 
ing the zone of the real surface contained between any two 
horizontal curves to be replaced by an artificial zone, sub- 
jected to some geometrical law of generation, which shall 
give an approximation to the real surface sufficiently accu- 
rate for the object in view. The usual method of doing this 
is to take two consecutive horizontal curves as the directrices 
of the artificial surface of the zone, and to move a right Hne 
so as to continually intersect each of them, and be perpen- 
dicular to the consecutive tangents to one of them, the upper 
one being usually taken for this last condition. 

If in PI. 1, Fig. 13, for example, (6.0), (7.0), &c., are the 
" ' !,th6 



projections of the horizontals of a surface, i. 
the curves (6.0) and (7.0) may be replaced by an artificial 
surface, the position of the projection of the generatrix of 
^vhich, at any point of the upper curve (7.0), will be deter- 
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mined liy construotiTig the horizontal tangent at that point, 
as a, tor example, and di'awiiig«5 perpendicular to it and 
interaecting the lower cui've. The position of the generatrix 
a'h' at anj other point a' ia constructed in like manner. 

27. To obtain any horizontal of tlie artificial zone inter- 
mediate to the two directrices, it will be only necessaiy tc 
construct several positions of the generatrix, and to find on 
these thepointB having the same reference as the required 
curve. The horizontS of the surface (6.50), for example, 
wUl bisect the projections of the generatrix in its various 
positions. 

Problems of Irregular Surfaces and the Fdght 
Line and Plane. 

28. Pwi. 10, PI. l,Fig. 14. T/t^witgh a „ 
a •oerihcdl plwne wMoh int&t'seeta a awrj'aoe, to dirano a 
to the curve qf mt&raeoiion oftheplxme a/nd surface. 

Let a (6.50) he the given point, and ah the ti'ace on the 
plane of refei'ence of the given plane. The points where 
this trace intersects the honzontal curves of the surface will 
be ilie projections of points of the curve cut from the surface 
by the plane. 

Let any arhitrary line as etc be now drawn through a, 
and its scale of declivity be consti'ucted ; and let lines be 
drawn between the points having the same references on og 
and on the horizontal curves where db intersects them. These 
lines will he tlie projections of horizontal hues and will gen- 
erally make different angles with ac. The one as (^-O), 
which makes the smallest angle with it, towards the descend- 
ing portion, will determine the projection o of tlie tangential 
pomt. Tor, oonsti'uct the scale of declivity of the line of 
which a (5,50) is the projection of one point, and o (7.0), on 
o5, another. Comparing now the references of the points 
on the line, and which is assumed as tlie projection of the 
required tangent-, with the references of the points of the 
curve having the same projection, it will at once he evident 
that these two lines have only the point projected in (7.0) in 
common, and that every other point of the right hne, of 
which ad> is the projection, is exterior to the curve, and 
therefore the line itseu must be tangent to the curve at the 
point determined as above. 

29. Proh. 11, PI. 1, Fig. 15. To coThsbruGt the elements 
of a Gone^ with a gwen vert&e, which ahaU ervoelope a gi/aen 
swfaoe. 

Let (10.0), &c., be the horizontals of the given surface ; 
and 0: (fi.O) the projection of the vertex of the cone. 

From a, draw lines ab, ab'. &c., as the horieontal traces 
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of vertical planes whicli pass tLrougli the vertex and inter 
eect the suriiice. Oonatnict, "by Prob. 10, the tangents front 
a to the curves cut from the surface by the planes ah, &c. 
These tangents will he the required elements. 

80. PToh. 13, PI. 1, Fig. 15. To find the Gurve of_ in- 
t^section of a cone envdopi/ng a gwen swrface hy a /lorison- 

Let (9.0) be the reference of the given horizontal plane. 
Having foimd, by Proba. 11 and 12, the elements of the cone, 
and constructed the scale of declivity of each one ; then 
joining the points o, o', o", having the same reference on 
each scale as the given horizontal plane, a continuous line 
mo"o'on will be obtained, which wiu.1 be the projection of 
the points where the elements pierce the given plane, and 
therefore the projection of the required intersection, 

31. Proo. 13, PI. 3, Pig. 1. A limited extent of awrface 
hei/ng gimen, and a ^mnt exterior to it, to find th^mrdtsvdth- 
in which pl<mes mm/ ie passed thnmgh this point <md Us 
above all me gi/usn surface. 

Let a (8.0) he the projection of the given point ; (10,0), 
(9.0), &c., the horizontals of the given surface, the limits of 
which are the sector contained within tlie arc PDO, and 
the two radii aP and aO. 

Taking a as the vertex of a cone which shall envelope 
the given aurface, the elements of this cone can be found by 
Probs. 11 and 12. Any plane tangent to thia cone, which 
doea not intersect the surface witmn the given limits, will 
satisfy the conditions of the problem. 

Irom the position of the vertex of the cone with respect 
to the surface, it will be seen that a horizontal plane, passed 
through the vertex, will cut from the cone two elements 
which will he projected in the two horizontals ab' and ab" 
(8,0) of the cone, the first of which will be tangent to the 
honzontai (8,0) of the surface, and the second ab" wUl 
pierce the surface, where the limiting arc BDO cuts the 
same horizontal (8,0) ; and that all the elements projected 
within the angles Bc^' and G(^" will lie below the horizon- 
tal plane (8,0). iN'ow, if the elements within these angles 
be prolonged beyond the vertex, they will form two portions 
of cones havii^ the same elements as the portions below the 
vertex, and it is evident that any plane passed tangent to 
either lower portion, as b'aB, witnin one of these angles, 
will leave this portion below it, and the cori-esponding por- 
tioDj formed by the prolonged elements, above it ; and, in 
order that this plane shall satisfy the conditions of the prob- 
lem, it must also leave the portions of the cone within the 
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angles h'ai", and i"aO, also below it. The eame reasoning 
applies to planes passed tangent to the portions of the cone 
within each of the other two angles. It is therefore evident 
that a plane, which shall satisfy the conditions imposed, 
must leave all that povtion of the cone which lies abore the 
horizontal plane (8,0) through the vertex, below it, and all 
the prolonged portions, corresponding to the portions below 
the plane (8,0), above it. 

To find any such plane, let the cone be intersected by a 
horizontal plane, as (9.0), by S^rob. 12. This plane wiU cnt, 
from the portion of the cone within the angle b'ab", a curve 
of which non' is the projection ; the two extreme points of 
this curve, within the limits, being at the points nn', where 
the horizontal (9.0) of the snrfaee cuts the limiting arc ; it 
will also cnt, from each of the prolonged portions, a curve, 
the one mr, and the other m'r'; the extreme point m of mr 
being on the prolongation of the extreme element aG; that 
m' of the other on the extreme element aB, on the other 
side, prolonged. Having obtained these three curves, let 
tangent lines, ms, m's', be drawn, from the points m and m', 
to 1iie curve Tion. A plane passed through either of these 
tangents and through the corresponding element of the cone 
CIS or as', drawn through the tangential point, wiU be a tan- 
gent plane to the cone ; and as either of these planes will 
leave the ctirve non' on one side of it, and the two curves 
m?-, and m'r', on the other, it will leave all the portion of 
the cone corresponding to the first curve below it, and the 
portions corresponding to the other curves above it ; and 
will therefore satisfy the required conditions. The same wiU 
hold true for any tangent plane to the cone along any ele- 
ment drawn between the points s and s'j since the tangent 
di'awn to any point of the curve twn', between the points s 
and s', will leave this curve on one side of it, and the other 
two, mr and m'r', on the other. 

S2. J^roi. 14, J*l. 1, JF'iff, 16. Through a given Mne to 
pass a pla/ne ta/thg&nt to a swpfaoe. 

1st, Let ah be the projection of the given line, and (10.0), 
(9,0), &c,, the horizontals of the surface. From tlie points 
on the line, as (10.0), &c., draw lines tangent to the horizon- 
tals having the same references ; the tangent which makes 
with the projection of the line the least angle towards the 
descending portion, will, with the line, determine the requir- 
ed plane. 

Tor, let the tangent (10.0) be the one which makes with 
cf5 the least angle ; from the other point-s, (9.0), &c., of ah, 
draw lines parallel to the tangent (10.0); those lines will lie 
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in t]ie plane that contains this tangent and «&, and will be 
horizontals of this plane ; they also lie req)eetively in the 
planes of the horizontEtls (9.0), (8,0), &c,, of the surface, but, 
since they fall exterior to these horizontalBj it follows that 
their plane also lies exterior to every horizontal curve of the 
surface, except at the curve (10.0), and wbei'e it touclies tlie 
surface at the point of contact of ite horizontal (10.0) with 
th^ curve. 

2d. "When the line ah, PI. 1, Fig. 17, is horizontal, let 
tangents be drawn to the horizontal curves and parallel to 
a5. These tangents may he regarded as the elements of a 
cylinder which enveloj^ the surface, the tangent plane to 
which will be tangent to the surface. To find the element 
of contact of the plane and cylinder, let the cylinder and 
given hne be mtereected by an arbitrary vertical plane, of 
which od is the trace. From the point o, (6.5), whei-e the 
line pierces this plane, let a tangent Hne be drawn to the 
curve cut from the cylinder by the plane, by Prob. 10. The 
point of contact will determine the position of the element 
of the cylinder along which the plane, through ah, will be 
tangent ; since the tangent to the curve prcgeeted in oA, with 
the line a5, will determine the tangent plane to the cylinder. 

3d. When the line ah, PI. 1, Fig. 18, is so nearly hori- 
zontal that tangents cannot be drawn from its points, within 
the hmits of the drawing, to the horizontal curves. Let any 
point of the line, as o, fr.O), be taken as the vertex of a cone 
enveloping the surface ; a plane passed through the line and 
tangent to the cone will be tangent to the surface, 

Find, by Prdbs. 10 and 11, the projection mrti of the 
enrve cut ftom this cone by the horizontal plane (8.0) ; from 
the point (8,0) of al draw a tangent to mm. This tangent, 
with the line ah, will determine the required plane. 

38. Prdb. 15, PI. 1, Fig. 19. To Jmd approximately 
the paint where a given rigid Une pierces a surface. 

Let (8.0), (9,0), &c., be the bonzontals of the surface, and 
(^ the scale of declivity of the line. Through any two 
points, as a (9,0) and o (8,0), draw two parallel lines, as am 
and en, which may be taken as the horizontals of an arbi- 
trary plane passed through the given line. Joining the 
points m, n where the horizontals of the arbitrary plane in- 
tei-sect the corresponding horizontals of the euruiee, this 
line inn will be the approximate intersection of tlie plane 
with the zone of the surface between the horizontals (8.0) 
and (9.0), and the point o where rn/n intersects df will be 
the approximate point required. 
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3,4. PtoI. 16, PI. 1, Fig. 20. To jmd the mter-mtion 
of a plane cmd swface. 

Let (10.0), (9.0), &c., be tlie horizontals of the surface, 
ef the scale of decKvity of the plane. 

Draw the horizontala of the plane having the same refer- 
ences as the horizontals of the surtaee, the pointa of iater- 
Bectiou of the corresponding Kn^ ■will be the projections of 
points of the required interBection. 

When it la desired to find a point of the cnrve of inter- 
section intermediate to two horizontal curves ; if the refer- 
ence of the required point is fixed, it will be necessary to 
eonstmct, Art. 37, the horizontal of the surface, and the 
horizontal of the plane having this reference ; their intersec- 
tion will give the projection of the rei^uired point. If the 
reference of the req^nired point is not hxed, di'aw any gene- 
ratrix, as ae of the zone on which the requhed point is to he 
found, and by Proh. 8, Fig. 11, find the projection of the 
point, as o, where (Xe pierces tlie given plane; this will be 
the required point. 

35, Application of Preceding Prolileins. 

The following problems will aid as illustrations of the 
preceding subject in its application to the determination and 
delineation ot lines and surfaces. 

36. Pr<^. 1, PI. 2, Fig. 2. The^plcme, of site of a wwh, 
the extffpior Une and scale of dedmity of its ierre^lem h&mg 
giom.; to eonstmct the pl<me of the rmnpa/rt-stope (md its 
foot ; also a rmrvp of a, given inel/maMon <dong the rampart- 
slope leading from the ^,a/>ie of site to the terre-plein. 

Let a (T4.50) and 5 frS.O) be the references of two points 
on the exterior line of the terre-plein, and rrm its scale of 
declivity ; let the rampart«lope be f , the declivity of the 
ramp \, its width 4.30 yards ; and the plane of site be hori- 
zontal and at the ref. (60.0). 

The foot of the rampart-slope lying in the plane of site 
will be horizontal, and will be determmed, Proh. 6, Fig. 8, 
by finding the line of the slope at the ref. (60.0). 

Having the two bounding Hnes of the rampart-slope, the 
inner line od of the ramp is constructed, by assuming a 
point c, on the foot of tlie rampart-slope, as the point of 
departure, and deteimining the line of ^ drawn from e on 
the rampai't^lope by Frob. 3, Fig, 6. Having found this 
line, which is also the line of greatest declivity of the ramp, 
the exterior line ef of the ramp fe drawn parallel to it, and 
at a distance 4.30 yds., equal to the width assumed for the 
ramp. The horizontala of the ramp will be perpendicular 
to these two lines. The foot of the ramp, ce, will be a her- 
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izontal line, drawn through the point of depart are. The 
top of It, df, will he detei-mitied hy ProK 7, Fig. 9, bjy find- 
ing the intersection of the ramp and the terre-plem, one 
point of which will he the point d (76.30), the intersection 
of the inner line of the ramp and the interior line of the 
terre-plein. 

The ramp is terminated on the exterior, hy passing a 
plane tlirouga its extei-jor line ef having the sanie slope as 
the rampart-slope. This plane will intersect the plane of 
site in a line parallel to the foot of the rampart-elope, and 
the terre-plein in one parallel to the exterior line of the 
terre-plein. 

37. PT(k. 18, PI. % Mg. 8. Eamng gwm the Imes of 
the pm-a^et of a work cmd the aealea of deoH/oi^ qf the planes 
of Us ■mt&rior crest mid terre-^plsm, to deter?mtie ike limes a/nd 
surfaces o/ a la/rbetts in, its salient for five g-wm. 

Let ttS be the scale of declivity of the plans of the interior 
crest, which, as the teire-plein is parallel to the plane of 
the interior crest and 8 feet below it estimated vertically, 
will also serve as the scale of declivity of the terre-plein, by 
subtracting 8 feet from the references of the fonner to obtain 
the coiTesponding references of the latter. Having con- 
structed a paneoup6 of 4 yds. in the salient, find the intersec- 
tion of the top surface of the barbette, which is horizontal 
and assumed on tlie drawing at the reference (82.75) with 
the planes of the interior slope, this intersection will deter- 
mine tlie foot of the genouillore of the barbette, Prom tliia 
last line at the pancoiip6 set back along the capital a distance 
of 8 ycia., and from the extremity of this line draw a per- 
pendicular to the interior crest of each face. The pentag- 
onal figure thus marked oat will be the space for the gun in 
the sanent. Prom the foot of each of the perpendiculars 
set off along the faces distance of 12 yds. for the lengths 
along the interior crests to he occupied by two guns on each 
side of the salient. Setting back from the extremitiea of 
these two last distances perpendicnlai-s to the interior 
crest of 8 yds. and drawing Hn^ through the extremities of 
these perpendiculars parallel to the interior ereats, they with 
the two perpendiculars will mark out the exterior boundiog 
lines of the barbette. By passing planes of \ or 45° througn 
these exterior lines, and finding by Pra5, 7, Fi^. 9, their in- 
tersections with the terre-plein, these lines will be the foot 
of the barbette slopes. A ramp having a slope \ leads fix)m 
the terre-plein to tne top of the barbette ; the width of this 
ramp is 3.30 yds., its interior line in projection being on the 
prolongation of the foot of the banquette slope. The ramp 
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is terminated by aide slopes of {, the intersections of uliich 
witli tlie terre-pleia and the slopes of the harhette a]id ban- 
quette ai'e found by I^rdb. 7, ^i^. 9. The foot of the ramp 
or its intersection with the terre-plein is also found by the 
same problem. 

As the top surface of the barbette is horizontal, it may 
be necessary m some cases to make the interior crest along 
the barbette also horizontal, in which case the superior slope 
of tiie parapet alon^ the barbette being higher than the 
rest of it, the two planes will be connected by a plane of 
45°, as at O. 

38. I*rob. 19, PI. 2, M^. 4. To detemdne the hnmdmg 
swefaoes of a rmrm leading up am, wregula/r swfacs and so 
placed tliat its aana or centre mie shall nearly coincide with 
the irreguki/r swface. 

Let (8.0), (9.0), &e., be the liorizontal curves of the sur- 
face, and let a (8.0) be the ^oint of departure or foot of the 
ramp. Aasmning the dedivitj' of the ramp |, for example, 
from a, with a radius of 9 units, describe an are, and join, 
by a right line the point 5 where it cuts the liorizontal (9.0) 
with the point, Kepeat this construction from 5 to c on the 
horizontal (10.0) ; and so on to the top e or point of arrival. 
The broken line a-i-c-d-e will be the projection of the axis. 
But, to avoid the angular changes of direction, the straight 

Eortiona of the axis may be connected at the angular points, 
y setting off from b, for example, the equal distances ba', 
ho', and connecting th^e points by an arc of a circle tangent 
to the straight portions. The same construction being re- 
peated at the other angular points, the broken line wul be 
replaced by the sinuous line aa'c', &c., aa the axis. Having 
determined the axis, the exterior and interior lines of the 
top suriace are drawn parallel to the axis, and at a distance 
from it equal to half the assumed width of the ramp. 

From the position of the axis the exterior half of the 
ramp ■wOl be in embankment and the interior in excavation. 
To determine the side slopes of the embankment pass planes 
through the straight portions of the exterior edge of the 
ramp, and find by Prob. 6, PI. 1, Pig. 8, the horizontals of 
these planes, and by Prob. 16, Pig. 20, the intersections of 
these planes with the irregular surface. The plane surfaces of 
the side slopes thus determined are connected by curved soi'- 
faces which pass through the curved lines of the exterior edge. 
These surfaces may be determined as follows : Take, for ex- 
ample, the point n at the foot of the plane side slope A where 
it cuts the radius through a' prolonged, of the arc a'o'j and 
the point on the radius through c where it cuts the foot of 
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tlie plane side slope B. The lineg of "which ni} an il ov, are 
the projections will evidently have the same ijiclination, and 
they may be assumed as the lines of junction of the plane 
alopea A and B and the cnrved side slope w. This carved 
side slope may then be generated by the motion of a right 
line which has the top line of which vu ia the projection tor 
its directrix, whilst in its motion it makes a constant angle 
with the plane of comparison, and ite projections are con- 
stantly normal to the are 'ou. From the construction com- 
prising these conditions the foot iio o£ the cnrved portion ai 
of the side slope is determined. The same constructions are 
repeated to obtain the portions G of the plane, and y, s of 
the curved side slopes, with the line m-n-<yp-g^-s the foot of 
these slopes. 

The side slopes of the part in exearation A', B', 0' and 
x', y' witii the line inl-n'-o'^'-i^-v-' are detennined by hke 
CODBtrnctions. 

The portions of the top surfaces of the ramps bounded 
by the arcs of circles are helicoidal surfaces, of which the 
axis is the directrix and the plane of comparison the plane 
director, 

. The cm'ved surface side slopes are also evidently helicoi-- 
dal surfaces, the directiices ot ■ which are the curved lines ; 
above mentioned, and the veriieal lines through the centres ■ 
of the ares which are the projections of those curved lines. 

Remarks. In the figure the decUvity of the side sloues - 
of the embankment is one-half the excavation. The declii- ■ 
ities of tbe curved portions of the top are greater than those 
of the plaue surfaces, tbe difference depending on the angle 
between tbe straight portions of the axis. 

39. Observations oa the beet mode of executing 
Drawings. 

Accuracy. The first reqnisits in all drawings is mdwute 
acffuracy, both in the geometrical constructions, and in writ- 
ing down all letters and numbers which serve either as ref- 
erenqes, or to give dimensions. To attain this, so far as 
regards the geometrical part, judgment is to be exercised in 
the selection of the means for estabhshing on the drawing 
the positions of the various points which are either given or 
to be found ; as one method although in theory as correct as 
some other may not, in practice, be found to yield as satis- 
factory results. The following remarks will serve to illus- 
trate this point : 

Ist, In settinp of from a scale of equal j>arts several dis- 
tances, along a h/ne, whether equal or unequal, the most ac- 
curate method is to cormnenee by first setting off the entire:' 
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distance, and iJieii the several parts ; taking care to verify, 
from the scale, the aggregate of the several partial distances ; 
thus in the example JPl. 2, Fig. 5, where the a^regate of 
all the partial distances is 60.33 feet, commence by setting 
off the entire distance 60.33 feet; next 50.83, which is the 
Bwm of the two distance 20' and 30'.S3, then verify the re 
maiiiing 10' by the scale. 

2d. When a distance to ie set (^ is so small that it can- 
not be laid down with accuracy by the points of the dividers, 
the following method may be employed: set back, from the 
point from which the required distance is to he set off, any 
arbitrary distance, then set forward, from this last point, a 
distance equal to the sum of this arbitrary distance and the 
one required ; thus in 1*1. 2, Fig. 6, where 2' is to be set off 
from a towards c, set hack from a say 30' to 5, then from t 
32' to c. 

3d, To set off a point at a given perpendicular distcmee 
from a Une, it will mostly be found more speedy, and more 
acenrate, to take oif fi'om the scale the given distance, in 
the dividera, and, setting one point on the paper, bring the 
'Other so that the arc described by it, with the given distance 
-fis a radius, shall he tangent to me line, than to employ the 
nsual method of firet erecting a perpendicular to the line 
■and then setting off the required point along the perpendicf- 
ular; thus in Pi. 2, Mg. 7, wishing to set off o at 20' from 
•ab, talte 20' in the dividers, and, by the eye, find wliere one 
point must be placed so that the other describing an arc will 
touch ab. This method will he found convenient in drawing 
,a pai'allel to a line at a given distance from it hy setting off 
another point in the same way, and drawing through the 
two the required parallel. 

4th. In setting off several points for the pnrpose of drmv- 
ing a&vercJ. pwraUels to a given Une, as, for example, the par- 
allel lines which hound the planes of a parapet, it will be 
found most speedy and accurate to draw first upon a slip of 
smooth thin paper two lines perpendicular to each other, 
then marking on one of the lines the respective given dis- 
tances of the parallels from the other, and cutting the paper 
close to the line along which the given points are marked 
oft', so that the strip when laid upon the drawing so as to 
have one of its lines to coincide with that to which the par- 
allels are to he drawn, their distances from it can be pricked 
off hy a sharp poiuted pencil, or in any other way. In PI. 
2, Fig. 8, ab is the line of the drawing ; A the strip of paper, 
fc, fd, J6, &c., the distances at which the parallels are to he 
drawn from cJ>, marked off on the edge oiA pei-nendieular 
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to the line /, whieh line when A is laid on the ditndng, 
should coincide with ab. It' the line a5 is somewhat long, it 
■Will be better to set off these points near each of ite extrem- 
ities and join them by lines, than to draw the parallels in the 
usual way by aid of the ruler and triangle. 

5th. When a point is to he consirwited ly means of the 
vnterseotion of two Unes o/rbHs-a/nk/ chosen, sach a position 
should be assumed for the arbitrary lines that they shall not 
form a very acute angle at their point of intersection, as in 
that case tnis point might not be so distinct to the eye as to 
be marked with aceuracy. For example, in erecting a per- 
pendicular to a line at a given point, and in like problems, 
in which points are found by the intersections of ares of cir- 
cles, it will he best and most convenient to take for the radii ' 
of the ares the distance between their' centres, as the angle 
between the tangents to the arcs at their point of intersection 
will then be 60°, which is a sufficient angle to give accurately 
the point where the lines cross. In cases hke Mgs. 10, 11, 
Arts. 22, 23, the arbitrary lines «5, a'h', &c., should be so 
chosen as to intersect the horizontals nearly at right angles, 
and so, also, that the resulting lines, by which the points o, 
o', are determined, shall not intersect in too acute an angle. 

In all such cases of determining points, and where a point 
:'s pricked into the paper, it will be found well to deaignaie 
the point thus O, by a small circle drawn around it with the 
lead pencil, in order that the eye may see it with more dis- 



6th. Tn determini/ng a portion of a line hy the oonstnto- 
Uon of two a/rbitroTy points, the points should be so chosen 
that the portion required may Ml between them and not 
beyond them. In Pi, 1, Mg. 10, for example, if the requir- 
ed portion of the line of intersection of the planes extended 
on either side, beyond o, or o', or beyond both, the lines ab, 
cd, &e., should be so chosen as to bring o and o', as far apart, 
at least, as the length of the required portion of the line 
which they serve to determine, 

Tth. No means of verifying the accuracy of the construc- 
tion of points, or lin^, should be omitted. In PI. 1, Mg. 9, 
for example, other corresponding horizontals should be drawn, 
and, if the line of intersection determined by the two points 
first found is correct, their points of intersection also will 
fall upon.it. In PI. 1, Mgs. 9, 10, the scale of decHvity of 
the line of intersection being determined, the references of 
the points, where it intersects the scales of declivity of the 
planes, should be the same as the same points on the scales, 
if the line has been aecm-ately determined. A general and 
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mmnte Teriflcation of all the parts of the drawing slionld bs 
made before any portion of it ia put in int. 

Neatness. This is a not nniraportant element in tlie at- 
tainment of accuracy in drawine. A few minutiae, when 
attended to, will subserre tliis end. 

That part of the paper on which the dranglitsman is not 
working ehonld be kept covered with clean paper, pasted on 
the edge of the board, bo ae to fold oyer the drawing, and 
the pai-ts which are finielied Bhonld be similarly protected. 

Before commencing the daily work the paper should be 
earefnlly dusted, and the scales, rules and triangle be eare- 
ftdly wiped with a clean dry r^. 

As few lines of conetmetion as possible should be drawn in 
pencil ; and only that part of each which, may be strictly ne- 
cessary to determine the point sought. As, for example, where 
a point is to be found by the intersection of two arcs of cir- 
cl(^ ; when the position of the point can be approximately 
judged of by the eye, only a portion of one arc, which will 
embrace the point, may be di'awn, and the point where the 
second arc wonld intersect the firet be marked without 
describing the arc. In PI. 1, Fig. 10, instead of drawing 
the entire lines dS, cc?, tfec, it would be simply necessary to 
mark the points only where they cut the horizontals ; and, 
in like manner, the points o and o' might be marked without 
drawing the entire lines. 

No more of any hne of the drawing should be made in 
pencil than what is to remain permanently in ink. The ob- 
ject of these precautions is to keep the paper fi-om becoming 
covered with dirt and the lines from being defaced by the 
wear of the paper. 

Iiiking. In iukuig the lines the following directions will 
be found useful : 

Efface careftilly all pencil lines that are not to be inked ; 
and those parts of the permanent lines which are not to re- 
main, before commencing to ink. 

"When right lines are tangent to curves, put in ink the 
curve before the right Hne ; draw all arcs of equal radii at 
once, one after the other ; if several arcs are to be described 
from the same centre, it wiU be well to put a thin bit of quill 
over the point for the end of the dividers to rest on, to avoid 
making a large hole in the drawing. 

If me drawing is not to be colored with the brush, all 
the lines of one eSor should be put in before commencing 
on those of another. 

If one of the bounding lines of a surface is to be made 
r than the others, its breadth should be taken from 
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the siu'face they limit and not l)e added to it ; ai^ wlien tlia 
heavy line forms the bonndaty of two anrfaees, its breadth 
must be taken from the one of greatest declivity. 

Coloring. When the drawing is to be colored, all lines 
that are uot to be black may be put in first with black, mak- 
ing them very faint, so that they may receive their appro- 
priate colors after the drawing is othei-wise completed. 

No heavy Hne should be put in until the work with the 
brush is completed. 

When all the lines are in, the drawing shonld be thor- 
oughly cleaned with stale bread-crumb ; and then have sev- 
eral pitchei^ of water dashed over it, tlie board being placed 
in an inclined position to allow the water, colored by the ink 
Hues, to escape rapidly, and not to discolor the paper. 

In using tlie brush, whether for flat tints, or graded, the 
requisite depth of tint should be reached by a number of 
faint tints laid over each other; this is especially necessary 
in l^ing tints of blaoks, browns, and reds. 

To obtain an even flat, or graded tint, on dry paper re- 
qnires considerable skill. The beat plan for this is, firat to 
wet with a lai'ge bruah, or clean rag, the smface oa which 
the tint is to be laid, then, with a Sightly moist rag, clear 
the surface of water, and before the paper has time to dry 
to lay on the tint. With this precaution, the heaviest tints 
of Cninese ink, the most diiheult of all to manage on dry 
paper, can be neatly laid down. 

Titles, &c. The letteriag and mnnhering of a drawing 
should be in ordinaiy printed character ; this is particularly 
requisite in the numbering, to avoid misapprehensions which 
often arise from individual peculiarities in writing numbers. 

As has been already remarked, references are written in 
islaek, within brackets which, when practicable, embrace the 
point referred to. When not practicable^ a small dotted line 
may lead from the point to the reference ; thus, 0. . .(25,50) ; 
but to distinguish references from other numbera the deaig- 
natioa of the imit is omitted. 

All horizontal distances between points are written upon 
a dotted line drawn between the points, with an arrow-head 
at each end ; where several partial distances in a right lino 
are mai'ked, it will be also well to mark the total distance : 
the latter may be written above or beneath the former, I^l. 
3, M^. 5.. . . 

In wiitin^ horizontal distances, the usual designation of 
the unit is always written thus, y for yards, ' for feet, (fee. 
All the numbers must be expreased in the aame unit ; the 
pactional parts being in decimals. 
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Eefei'eiices and horizontal distances cannot be too inncls 
mnltiplied, in order to avoid misapprehensions, and the re- 
sulte of eri'ors of constnietion, as well as to save the time 
that wonld be taken in applying dividers to the drawing to 
find from the scale aflixea to it the dimensions of any part. 

Scale. A scale very aconrately constnicted shoold he 
affixed to the drawing before it is cut from the board ; so 
that the shrinlcage of the paper, which is about j^ „, may 
affect all the pai-ta equally, and the scale thus be made to 
correspond to the reai lengths of the lines on the drawing. 
The scale shonld be divided according to the decimal system, 
as being m<»t convenient for eotmting off. 

The first division of the scale should furnish the units 
and also their decimal parts, if the scale bears that propor- 
tion to the true dimensions of the object repreaeatea whieh 
will admit of these divisions. This first division is nvimbered 
from right to left, PI, 2, Fi-g, 9, the zero point being on the 
right, the 10 point on the left ; the succeeding divisions, to 
50 inclusive, should each be eqnal to the first division, con- 
taining ten units each. The i-emaining divisions may con- 
tain mly units each. It wiU be seen that any number of 
tens, units, or fractional parts of a unit can thus be readily 
talteo off from the scale by the dividers. The scale shonld 
be long enough to give the dimensions of the longest line ois 
the drawing. 

The proportion which the scale bears to the tme dimen- 
sions of the object should be written above' the scale; tlius, 
Sc{de mie im,oh to ten ywrde, or g^j. And the designatioB 
of the unit of the drawing shoxdd be annexed to the las^ 
division on tlie scale, as 'tfds. for yards,/;!, for feet, &c. 

Ifote. — ^For moi'e detailed directions on the mechanical 
or instrumental methods of geometrical drawing, see Mahaa'a 
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STOI^. CITTTTKG. 



The object of this Article is to explaju the geoineti-iea 
metliodB of representing the more usual and eleuientai'j 
eombiiiations of blocks of stone in walls and arches, by 
means of their projections ; and from these and the data of 
the problem to deduc* tlie true dimensions of the bounding 
surfaces and lines of each part, 

"Walls bounded by Plane Surfaces. In walls of cut 
stone ' the bloets are usually separated by horizontal and 
vertical joints ; the latter being in vertical planes perpeudie- 
nlar to the face of the walls, and which are termed ^rnies 
of right section, to distinguish them from other vertical 
planes of section. When the face of the wall is inclined to 
the horizon, its slope, or batir, is usually expressed by the 
ratio of the base oi the slope to the perpendicular, measured 
in the plane of right section; or the slope , is said to be so 
many base to so many perpendicular. In the right section 
A'B'O I)\ (Pl. A, Fig. 1,) for example, the indination of 
the face A'O' to the base of the wall A B', is measured by 
dividing the perpendicular G'E' from 0' upon the line -AlB' 
by the distance A'E' between the point A! and the foot of 
the perpendicular. The quotient J|l thus obtained, is ev- 
idently the natural tangent of the angle G'A'S' ; and the 
most convenient method of representing the batir is by a 
fraction ; the numerator expressing the number of units in 
the perpendicular, and the denominator the coiTcspouding 
number of units in the base; thuB a batir of { expresses a 
slope of six perpendicular to one base ; a batir of |, one of 
tliree perpendicular to two base, &c. 

Prob. 1. Scmm,^ given the rigM section of a waU, to 
oonfsbmab the projections of its howndmg lines, a/nd the edges 
of the horizontal amd iierbiGal joints. 

Let A'B'D' C", {Fl. A, Fig. 1,) be the right section ; the 
base A'B' and the top (7'^' being horizontal ; the face Jl'C" 
having a batii- |iff='f ; and the back ^'J)' vertical. 

Draw a lino AA^ , to represent the foot of the face in pirn. 
Parallel to AA, draw GO, , and at a distance from it eq laJ o 

' See Mahau's Cixii Bngineering, Arl. 351. 
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A!E\ tlie distance of the point. A' from the foot of the per 
pendicular drawn from O' in the plane of right section ; V O, 
will he the top line of the face in plan. Parallel to 0C\ , and 
at a distance 0'D\ the breadth of the wall at top, draw 
BB^ , which will be the projection of the back. 

At anj convenient distance from BB, draw A" A!" par- 
allel to it, to represent the foot of the wall in elevation ; the 
top 0"D" will be drawn parallel to A"A"\ and at the 
height B'D' of the top above the base. 

To draw the projections of. the horizontal edges, suppose 
the wall divided mto tour equal courses by horizontal joints. 
As the batir of the wall is f , the base of the slope of each 
of these equal courses will be one-sixth of its neight; if 
lines therefore are drawn parallel to the foot AA^ , and at a 
distance from each other eqnal to 4 the height of eacli course, 
these lines will be the projections in plan of the horizontal 
e'dges, as shown on the right of the plan. As the projections 
of the vertical edges ai'e contained m planes of right section, 
they will be drawn perpendicular to the horizontal ones, 
and breaking joints with them ; as represented on the same 
portion of the plan. 

The horizontal edges in elevation will be drawn parallel 
to A" A'", and at a distance from each otlier equal to the 
height of a course. The vertical edges will be drawn per- 
pendicnlar to these last, and corresponding to tlieir projec- 
tions in plan. 

Semarh. If the projections of any horizontal hne of 
the face, at a given height above the foot of the wall, are 
reqnired, as mm. and m! n', for example, it is evident that 
m 7iJ will be drawn in elevation at the given height above 
the foot A" A'", and that nvth will he parallel to AA, in plan, 
and at a distance from it equal to \ th,e height of •ml'n , 

Prd). 2. Hamng given ihe haUr of the faces of two 
waUa that intersect, the foot of each 'bemg in the same hori- 
sonial plane, to draw tJie projections of the Hne of interseo- 
Uon of the faces. 

Let Aa, {Fig. 1,) be the foot of one wall in plan, and the 
batir of its face f ; ah the foot of the other, and the batir of 
its face \. 

It is evident that the point a will be one point of the 
intersection in plan. If now a horizontal line he drawn in 
each face at the same altitnde, they will intersect and give a 
second point of the intersection of the faces. Assuming any 
altitude for the horizontal line on one face, its projection 
mn, in plan, will be parallel to Aa, and at J of the assumed 
altitude fro)n it. In like manner, the projection no of the 
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corresponding line on tlie other face having the batir f will 
1)6 parallel to ai, and at j the assumed altitude from it. 
Drawing, theretbre, a line through the points a and n, thia 
will be the intersei3tiou in plan. 

To ohtain the intersection in elevation, draw the foot of 
the wall A"a' in elevation, also the line m"rt' at tlie assumed 
altitude. The point a will be projected in a', and tlie point 
n in n'f and the line a'n'y drawn tlirough them, will he th? 
intersection in elevation. 

PnA. Z. To oonstruGt the ^ojed/ions of the 'botmddng 
Hnes and edges of the Jomts of a mtfress agamst the meUn- 
eS face of a gwen w(ul y the oase of the buitress hemg gwen^ 
aiyi hemg m the san-ne horizontal ^Icme as the hose of the 
vitM- the faces of the hdia-ess, its md, and the top to have 
ffiven slopes. 

Along the foot AA, set off the breadth of the bnttress 
ad at its base, and construct the two sides ah, cd; and the 
end ho of the base. Let the batir of the face of the wall 
be \ ; that of the two faces and the end of the buttress { ; 
and that of its top j. 

By Prob. 2 construct the projections, in plan and eleva- 
tion, of the intersections a^, ale', and dh, ah\ of the faces 
of the buttress and wall ; and those hf, of, and eg, o'g', of 
the end and faces. 

To oonslmct the projections of the ix>p surface of the 



e that the top line of the buttress eh, e'h', where 
it joins the wall, is of the same altitude as the top of the 
wall ; and that the top siu^ace from tliia line outwards from 
the wall has the given slope |. Kow, if a line as y's' 
be drawn parallel to e'h' the top line, and at any assumed 
distance below it, this line may be regarded as the projection 
of a horizontal line in the top surface of the buttress; and 
its corresponding projection in plan will be a hne ys parallel 
to eh, and at six times the distance from it that y'B'. is below 
e'h'. Having drawn these two lines of indefinite length, 
construct the projections of the horizontal in the face ot the 
buttress which is at the same distance below the top. The 
projection in elevation will be a continuation of the same 
line y's', and in plan its projection wiU be parallel to the 
foot ah, and at a distance from it equal to i its altitude 
above it. Drawing an indefinite hne im/ parallel \a ah at 
this distance from it, the point y, where it interaeets the line 
yz, will be a point of the projection in plan of the intersec- 
tion of the top surface and face of the bnttress. The point 
ft is another point ; joining e and y by a hne and prolonging 
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it until it intersects the projeetion of the iiiterrfeation of the 
face and end at / this line efwiW be the projection of one 
side of the top surface in plan. The other side h^ will be 
found by a like construction. The points / and g being 
joined will be the projection of the end of the top surface. 

To obtain the corresponding lines in elevation; the points 
y and e are projected into y' and a'; the points e'. y', and h', 
z', are joined by lines which are prolonged to meet the lines 
which are the projections of the exterior edgrai of the but- 
tress at /' and g', which correspond to /and g in plan, and 
the points /' and g' are joined ; e'f'g'h' is the elevation of 
the top surface. 

The projections of the edges of the vertical joints in plan 
■will be perpendicular respectively to the lines be and cd, and 
breaking joints as shown on the right portion of the plan. 
The projections of these lines in elevation will be found by 
projecting their extremities into the corresponding projec- 
tions of the horizontal edges in elevation, as shown on the 
3levation of the face and a portion of the end, on the right. 

Prob. 3, Case 2 (PI. B, Figs. 1, 2, 3). Eming gwm the 
cross section of a hrook, or other smaU natural water way, 
over which a full centre arched stone culvert is to be thrown, 
to swpjpori am. emhan]cmen.t of a roadway, of a given height 
above the imtiural surfoice of the ground, to construct the 
iounding lines of a whig wall wtih pla^ie bounding sur- 
faces. 

Figs. 1, 2 are the elevation and plan, or the vertical and 
boriaoutal projections of the parts ; P Q being the ground 
line. Fig. 3 is a section and elevation, through the axis of 
the arch, on the vertical plane of which R S is the ground 
line. M, M' are the slopes of the embankment. N, N' the 
bottom of the brook. 

Let B Z', Fig. 1, be the cross section of the side bank 
of the water way, and of the adjacent level ground ; the 
centre of the semicircle of the fttll centre arch, taken on the 
level C B of the natural surface ; L I the level of the top of 
the embankment ; L' E', Fig. 2, the foot of the embankment. 

The wing wall and arch {Figs. 1, 2), are supported upon 
a general substructure, the height of which is A A' ; the 
plan of that portion of which, supporting the wing wall, is 
shown by A' B' C. The faces of this substructure being 
vertical, and projecting a distance, represented by Z A, be- 
yond the springing line of the arch, the foot of the wing wall, 
and the foot of the embankment; the point B' being taken 
on the crest B' E of the side bank. 

Through the line Z D, Z' D', the foot of the wing wall, 
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tlie phne of its face is passed; the top point of wliich S, X' 
]s found bv drawing a line m, n parallel to Z' D', and at s 
distance from it equal tothe base of the batir corresponding 
to the height of the embankment L I above D Z, and taking 
ita intei St Ltion X, X' with the top line of the head of the 
arch Joining X Z, it will be the elevation of the intersec- 
tion of the face of the wing wall with the end of the arch. 

The top surface of the wing wall X."D" (Fig. 8), receives 
tlie same slope as the side slope of the embankment M, M', 
and IS beie taken to coincide with it. The wing wall is ter- 
miu ited at the end by a vertical plane D" W parallel to the 
he id will of the arch. The thickness I S, I'X' of the wing 
wall at top 19 assumed. 

Joining the points X' D' and X D, the interior edge of 
the top hne of the wing wall is found. Drawing I H and 
I' H' respectively parallel to these, the exterior lines are 
found. 

The lower end of the wing wall is terminated by what is 
termed a newel stone, which serves, in this case, as a buitress. 
The height of this stone D" F" is arbitrary, as is also ita 
slope F" G" on top. Assuming these, the intersection of 
the vertical plane, terminating the wing wall with its fiice, 
will be the lines F' D', F D, parallel respectively to X' Z' 
and X Z. The lines F' G', F G, and H' E', H E, which also 
areparallel, will be found by Prob. 3. 

Tlie vertical joints of the face of the wing wall are per- 
pendicular to its face. Drawing the line X' Y' perpendicular 
to D' Z', and its corresponding projections X Y, A." Y" on 
Figa. 1, 3, the directions of the edges of the vertical joints, 
as te' y', iB y, x" y[\ will be parallel, on their respective Figs., 
to these lines. 

The top of the wing wall, instead of a coping, is formed 
with elbow joints uniting with the horizontal joints. The 
portion of the joint forming the elbow is perpendicular to 
the top surface. Drawing then a line Z" W" {Fig. 3), per- 
pendicular to D" X", and ita corresponding projections Z W, 
Z' W on Figs. 1, 2, these will be the directions z w, z' w', 
z" w", of the elbows. The depth of the elbow is arbitrarily 
assumed, by drawing a line p" q" on Fig. 3 piirallel to 
D" X". 



Hosted by 



Google 



STONK CUTTISG. 



GTLINDRIOAL 



HECHES. 



To facilitate the geometrical operations for determiaing 
the bounding surfaces and lines of the voussoira of arches, a 
few preliminary problems and theorems, on which the-ae 
operations are based, will firet be explained. 

Pr(A. 4, (PI. A, J''iff, 2,J 3a/ovna gva&n, a semi cyUnder. 
the right seohon of wh/ioh is a seiTbiovrde, and its axis <md 
two hounding elem,&nts hei/ng horisowtal, io construct ihewO' 
jections of the intersection of tJie eyUnder hy a plane incmied 
to its axis cmd havmg a given mcUnaOon to the horisontal 
pla/ne containing the andsj also, the jprojec^on qf the i/ntefr- 
s&Mon of this semi aylmmr with mwtker semi cyUnder with 
a sevnicircle (Asofor its right section, the aads and hounding 
elements of this tost leing in the same horisontal plane as 
those of the first; amd them, to devd<yp the porl/ion of ths 
first semi cylinder which lies between the given plane and 
the other cylinder. 

Let a'c'i' be the right section of the giTen cylinder, and 
o' its centre ; the line a'J>' heing horizontal. Let a' A and 
I'B be the horizontal projections of its bounding elements, 
and o'G that of its axis. Let ah he the trace ot the given 
inclined plane on the horizontal plane of the bounding ele- 
ments ; As one of the bounding elements of the other cylin- 
der, and ZM its axis. The qnadrant AL' the half ot the 
right section of this cylinder ; X the centre of this quadrant, 

let. Taking any two elements of the given cylinder, at 
tho same height, as x'x, and y'y,, above a'J', they will be 
projected in plan parallel to the axis o'C, and will be drawn 
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in(5efiiiitely tliro\igh the points a?, and y,. The given incli ned 
plane will out these elements at the same height (e'x„ and if 
the projection lej/ of a horizontal line in tiua plane, at the 
height sa'x,, be. drawn, the pointe x and y, where it cvits the 
two elements of the cylinder, will he two pointe of the re- 
quired projection in plan. To construct this line ayy, let the 
given inclination of the plane be \ ; the projection of this 
orizontal line, which is at the height ib'sj, above the foot ah 
of the plane, will be {Prob. 2) paraflel to ab, and at a distance 
&om it equal to J of a/ic, ; drawing therefore x>y parallel to 
ah, and at tiiis distance, it will be the required projection in 
plan. The points x and y thus found will be two points of 
the projection in plan required. In the same way any num- 
ber of poinis can be found, and the curve awffyh, traced 
through them, will be the required projection in plan. 

The construction just explained, although very simple, 
may be abridged as follows : Through a' draw a'f' peipen- 
dicular to a'h' ; prolong y'x' to the left, and set on from m'", 
where it cuts a'j", tlie distance m"'is"' equal to -mx, as before 
found. Through aV" draw the indeflmte line ae'. IJow, 
to construct the projection of any other point in plan, as c 
on the element at the height o' ; through e' draw a line par- 
allel to a'])', take the part o"'h"' intercepted between a'f' and 
a'e' and set it off from o, where the projection of tne ele- 
ment through g' cuts ah, to c along the projection of the ele- 
ment ; c will be the requii'ed point. This is evident from 
the relations which the heights and horizontal distances con- 
sidered bear to each other. 

2d. To find the projection in plan of the intersection of 
the cylinders. Draw AD perpendicular to AL. If a dis- 
tance Ar" equal x'x^ is set off on this line, and a parallel to 
AL be drawn through r", the point u" where it cuts the 
quadrant will give the point on it through which the element 
of the second cylinder, at tlie height x'x, of the two elements 
at »' andy', is drawn. Through u" drawing an indefinite Hue 
parallel to AB, the bounding element of the second cylin- 
der, it will be the projection m plan of the element at the 
height Ar"=x'x^; and the points w and ■n, where it cuts the 
two projections of the elements of the first cylinder at the 
same height, wiU be two points of the required projection. 
In the same way other pomts would be fomid, by construct- 
ing the projections in plan of eorr^ponding elements on 
the two cylinders, 

This operation, like the former, may be also abridged aa 
follows : Through h' draw a perpendicular h'd' to a'h'. With 
a radius equal to AL describe a quadrant tangent to h'd' at 
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&'. Now, if K'y' be prolonged to the right, it is evident thai 
the distance ¥"^1", intercepted between Ija and tlie qnad- 
rant, is equal to ?■"«", or to rw. la like manner, the point 
O in plan is obtained by setting off from t, on the element 
AS and along oC, the distance tO=t' C. The curve AicCvB, 
drawn through the points thus determined, wiU he the pro- 
jection in plan of the intersection of the two cylindere. 

8d. To make the development of the portion of the cyl- 
inder which lies between the two intersections thus deter- 
mined, it will be necessary to obtain the distances of the 
pohits of these two intersections from a curve of right sec- 
tion ; since the tangent to this curve at any point bemg per- 
pendicular to the element of the cylinder at the same point, 
the curve when developed will also be perpendiculai' to the 
elements when developed, and will therefore develop into a 
right line. 

To determine the relative positions of th^e eiu-ves in 
development ; first develop the euxve of right section a'c'l\ 
on the line a'h' prolonged to the right, by setting off the dis- 
tances Vy", h'e", &c., to a", equal respectively to the lengths 
of the arcs h'y', 5'c', &c., to a'. Through the points y", o", 
&e., draw lines perpendicular to Va"; these will be the de- 
veloped elements of the cylinder throngh y', c\ &c. Set 
off along these lines the distances ^'"■w^ i^"^,, &g., respectively 
equal to the distances y,«, o'O, &c., and through the points 
jo, i>„ (7„ w„ j1„ draw a curve. This is the developed inter- 
section of the two cylinders. Make the same constructions, 
on the same developed elements, with respect to the distances 
of the points y, o, x, a, from a'V ; the curve ic^a,, drawn 
through these pointe, will be the developed intersection of 
the oblique inclined plane and the cylinder. 

, In like manner, if the given cylinder were cut by a plane 
perpendicular to the horizontal plane and oblique to its axis, 
of which ah, for example, is the trace, the developed curve 
of its intersection would be obtained by setting off along the 
developed elemente the distances of the points a, m, o, &c., 
from a V, and throngh the points thus deteimiued drawing 
a curve Ttofl^, 

Remwrk. The curve of right section in development 
serves only as a fixed Hue from which the relative positions 
of other points, with respect to it and to each other, can be 
determined; since it develops into a right line, and the 
elements in development are perpendicular to it. The posi- 
tion of this curve may be therefore fixed arbitrai'ily, as may 
be fomid most convenient for tlie purposes of the drawing. 
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Frob. 5, {PI. A, Fig. 4). Let the semicircle A!C"B' be 
the curre of intersection of a given semi cylinder by a ver- 
tical plane, the diameter A.'S' Tjeing horizontal, and BUppose 
the bounding elements through A and B' to be limited at 
a horizontal plane at the distance AA below A'B\ and to 
pierce this plane at the points E and B, on a line parallel 
to AB and at a.given distance from it ; these elements being 
oblique both to the vertical plane and to tlie horizontal plane, 
and theretbre not projected on either into their trae lengths. 

Let LM be the axis, and MX) a boimding element of 
another semi cylinder, tlie right section of whieh is a semi- 
circle; BM and JBB being also in the given horiaoiitiil 
plane. 

It is proposed, wUh these data, to find the lengths qf the 
elemmits of the (Migue oylmder int^cepted hetweeth the v&i*- 
tioal plane of A'B'C' a/nd the korisontal oulmder; the ewfve 
of Tbghi, section of the obUq-ue gend cyUnd&r at am/y aaaiemed 
pomt; mid the aevelopTnent of the portion of U whieh lies 
oetween tJia gi/oen vertiofd plcme and the hor^sontcA semi cyl- 
ind&r. 

1st, The simplest method of finding the true lengths of 
the elements between the vertical plane and horizontal cyl- 
inder will be to couatnict their projections o\i another vertical 
plane parallel to them. Let JSjVbe the trace of such a plane 
on the horizontal plane containing the axis LM ai the liori- 
zontal semi cylinder, and Bd its trace on the given vertical 
plane. This a^iuned plane cuts from the horizontal semi 
cylinder aji ellipse of which I)-N ia evidently tlie semi trans- 
verse axis, and the radit^ of the semi cylinder, which is 
equal to the distance between the axis and the bounding 
element EI), is the semi conjugate; setting off this distance 
from N to N\ on a perpendicular to J)3^, and describing 
the quadrant of an ellipse DN', on these Hnes as semi axes, 
it will be the half of the curve cut from the semi cylinder, 
and will be its position when tlie plane in which it lies ia 
revolved around its trace BN to coincide with the given 
horizontal plane. In this revolved position of the plane, the 
line Ba', in which it cuts the given vertical plane, ■will be 
fonnd ill BO" perpendicular to BN. As this plane contains 
the bounding element of the oblique semi cylinder projected 
in BD, tbis element will be found in DB when revolved, 
the height BB" being equal to BB', the height above AB 
in which the element pierces the given vertical plane. 

!Now, if any other vertical plane be passed parallel to 
the one assumed, as that of which 00, , and 00' , parallel 
respectively to BN and Bd are the traces, it will cut from 
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tlie horizontal semi jylinder an ellipse, equal to tlie one 
already described; and from the given vertical plane the 
line dC; find, as it contains also the element projected in 
00^, by revolying this plane also, like the laat, tracing the 
quadrant of the ellipBe ent ont, the line 00', and the element 
in their revolved positiona ; the portion of this element be- 
tween the vertical plane and the horizontal cylinder may 
thus be determined. In Kke manner, the corresponding 
lengths of any other elements, as thrae wliich are projected 
in mmt^ , and nn , might be found. But as these successive 
operations would be long, a more simple and expeditions 
method is resorted to, as follows : As tlie elements of the 
horizloutal semi cylinder are parallel to the given vertical 
plane, if all the points on this plane and cylinder are pro- 
jected on the assumed vertical plane of wMcn £.IV^ and So' 
are the trae^, by a system of hn^ oblique to this plane and 
parallel to the elements of the horizontal cylinder it is evi- 
dent that all the ellipses cut from the horizontal cylinder 
will be projected into the one cut from it by the Msumed 
vertical plane ; that all the Ihies, as GG', m/mf, nn\ &c., ent 
from the given vertical plane, will be projected in £o' ; and, 
in the revolved position of the assumed vertical plane, will 
be found in .BG"; whilst the portions of elements of the 
oblique semi cyliuder, which lie between the horizontal semi 
CTlinder and the given vertical plane, will be projected on 
the assumed vertical plane in theu: true lengths, and, in its 
revolved position, will be found parallel to £"]J, and drawn 
throngh points *»'", (7", &e., at the same height above B, on 
the line BG",s& the corr^ponding points m', 0\ n\ are 
above AB. Drawing these parallels, the portions n"'m , 
G"0"', &c,, between 9ie Hne BG" and the curve I>JV', will 
be the lengths required. 

As there are two elements on the oblique semi cylinder, 
one on 'each side of the highest one, projected in 0C[ , as 
those projected in mm, , and nn, , which are of the same alti- 
tude, the lines B'J), n"'m", &c., will be respectively the 
revolved positions of the projections of the corresponding 
pairs of these elements. 

Bemark. By using the system of oblique projecting 
lines, instead or the usual mode of pei-pendicular ones, 
the relative positions of the lines projected are not changed, 
since these lines, being all parallel to the assumed vertical 
plane, will he projected on it in their true lengths, whether 
the projecting lines be oblic^ne, or perpendicular to this 
plane. By the system of perpendicular projections, a sepa- 
rate construction, like the ii'st, would have been rec^uisite to 
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determine each element ; whereas by the ohlique one used 
the coustiiTction of one ellipse DS ^, and of the fine B G" are 
alone sufficient. 

2d. The curve of right section iniiat lie in some plane 
perpendicular to the elements of the oblique cylinder. To 
ux snch a plane, draw a line -XT' perpendicular to the pro 
iections of the elements on the horizontal plane; and &oin 
2, where it cuts BD, another line YZ perpendicular to the 

frqjectioiis of the elements on the a^mned vertical plane, 
'hese two lines may be taken as the traces of a plane on 
these two planes; and, as these traces are perpendicular to 
the projections of the elements on the two planes, the plane 
itself will be perpendicular to the elements, and will cut 
from the cylinder a right section. 

To construct this curve of right section, it will be neces- 
sary to iind, in the first place, on the assumed vertical plane, 
the projections of the points' in which the elements of the 
obliqne semi cylinder pierce the ^lane of right section. To 
do this, it is evident that the vertical planes which contain 
these elements, as the one, for example, of which CO, and 
CO' are the traces, cut the plane ot light section in lines 

Earallel to 7Z^ its trace on the assumed vertical plane. To 
nd the projection on this plane of the line cut out by the 
vertical plane of which 00^ and CO' are the traces, it is 
plain that the point s, where the horizontal traces ^x and 
00, intersect, will be one point of the required line. This 
point, being in the assumed horizontal _;^ane, will be pro- 
jected into the line BW, the ground hue of th§ assumed 
vertical plane, at s', by drawing a line through s parallel to 
A.B, aecordiagto the method of obliqueprojections adopted. 
If from s' a line be drawn parallel to iZ, this line s's" will 
be the required projection of the line cut from the plane of 
right section by the vertical plane which contains the ele- 
ment projecfed in GO'. The point z", where this line cute. 
0"G' , tliie ))rqjection of tbia element on the assumed verti- 
cal plane, ■will be the projection on this plane of one point, 
of the curve of right section. In like manner, projecting 
the points X, te, y, &c., into the ground line Bjy &X X' ar, 
j/, &c,, and, from these last points, drawing parallels to iZ, 
the points X", ic", y", i&e., in which they ent the correspond- 
ing' elements in projection, will give other points; and the 
curve S'a"z"y"x' will be the projection of the curve of 
right section required. 

B&mm-lc. Since the elements are projected on the as- 
sumed vertical plane into their true lengths, it is evident 
that taking any point of this projection of the curve of 
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right section, as *" for example, the di&tance ia"7n" will be 
the true distance of the point of which x" is the projection 
from the horizontal semi cylinder, as measured on the ele- 
ment projected in ih"'-m" ; and aj"«. will be its tme distance 
from the vertical plane containing the semicircle -li'C"^'. 
In like manner, the tme distances of other points of the 
curve of right section from this plane and from the horizon- 
tal semi cylinder measm^ed along the elemente may be fomid 
from the projection of this curve.. v 

Having tonnd the projectifm of tlie curve of right sec- 
tion, the curve itself can be found by revolving the plane 
of right section upon the horizontal plane ai'oimd its trace 
Xx. The distance zz^ of the point projected in z" from 
^7\% evidently equal to s's", since this line is the pro- 
jection, in its true length, of the one in the plane of right 
section drawn through the point s in the vertical plane 
'ccaitaining the element projected in 6'C". In like manner, 
■the distances XX„ jiac„ yy„ being set off hismXY, along 
the perpendieulare to ifc through these points, and equal 
respectivelj to the distances A.'X", iB'fc", &c., the curve 
. jr,3!,s,ji, Y\ wiU be the rec|_uired one. The line X^ y, which 
corresponda to X" Y' in projection will be the diameter of 
this curve. 

3d. Having the curve of right section in its tme length, 
as well as the eleraenfa of the oblique cylmder, and the 
points where they cut this curve, it will be easy to make 
the required developments which, for convenience, will be 
done on the assumed vertical plane in its revolved position. 
To do this set off on the line YZ, from the point Y', the 
.distances J''s„ Y'x„ YX^ respectively equal to the ares 
Y^^z^, Y^ic,, &c., of the curve of right section. The right 
line YXj will be the development of this curve. Through 
the points s^ «„ &c., thus set off, draw perpendicular's to 
YX„ these will be the indeiinite lengths of the developed 
elements drawn through the points s„ x„ &c. From these 
last points set off s^O, , s^G^ respectively equal to s"0" and 
2"C" y in like manner, set oft' the distances x^n, and iCjWi, 
'respectively equal to x"n"' and x"m"', &e. The ciu-ves 
S"G,n,A^, and DO,m^^. will be the developments respec- 
tively of the semicircle .ii' C".5', in which the oblique semi 
cylinder cuts the given vertical plane through AM, and of 
the curve in which it intersects the horizontfu semi cylinder. 
The developed portion of the oblique semi cyhnder which 
lies between these enrves and the developed petitions £"D 
and A^£^, of its bounding elements will be the one required. 
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ith. To obtain tlie horizontal projection of tlie curve in 
wliicli the semi evHnders intersect. Project the points G'", 
m", &e., into DJy, by perpendicnlarg ; from the foot, as C„ 
of each perpendicular draw an oblique projecting line 
pai'allel to AS; the points, as C„ n„ m,, tfec, in which these 
intersect the projections of the corresponding elements, will 
be points in the required projection ; and the curve Z^m, C;m,lS 
win be the one required. 

Theorem 1, (Pi. A, Fig, 3.) Jf_ the Unes AB and DE, 
which "bisect each other cmd are horisontdl, are the tj-atisverse 
axes of tu>o semi eUipass, the planes of the 1/wo ownies iemg 
vertical, and having the same semi commote o^ds^projeGted in 
the point C, ihen will the Unes whdeh join the points of the 
miT-vies at tke sarms hmaht above the horizontal jjlams of the 
tra/iisve>'se oases he pa/raMel to each other. 

Let AC'S' be the projection of the semi elhpee, haTine 
AB for its transverse axis, on a plane parallel to itself; and 
let the other curve be revolved about the common semi 
conjugate into the plane of the fii-at and be projected into 
D'G'E'. Drawing any line, as m'n', parallel to A!B', it 
will cut the two curves at the points ml, n', and o',p', at 
the same height above the horizontal plane ; the first two 
being projected horizontally in Tn and n; the second in o, 
and^i in the revolved position of the second curve, and in 
o and p in its original position. Joining the points o and 
m, also p and n, men will these lines be parallel to each 
other, and to the lines AD and EB which join the lowest 
points of the two curves. For, from the properties of two 
ellipses having a common conjugate axis, the corresponding 
ordinates of die curves to this axis wiU be proportional to 
their semi transverse axes ; that is, 

en' -.(m' ;; C"B' : C"E'\ 
or. On: q> :: OB : OE; 
by substituting the equal lines in horizontal projection. But 
when this last proportion obtains, tlie hnes jpn and EB are 
paralleh In like manner, mo may be shown to be parallel 
to AD, and consequently to EB. The same holds true for 
the lines mp and on, wiUi respect to AE and DS. 

It follows from this that two semi elhpses, having the 
above conditions, will be the curves of intersection of two 
Bemi cylinders, the axes of which lie in the horizontal plane 
of the transverse axes of the curves, and are parallel respec- 
tively to the hnes joining the extremities of these axes. 
The converse of this propceition is also evidently true, viz. : 
if ttis axes of two elliptical or circular semi cylinders lie in 
the same horizontal plane and intersect, and the highest elo- 
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nient of eacli is at the same height above this plane, then 
will their curves of intersection he plane cnrveSj and he pro- 
jected on the horizontal plane in the two right hues which 
join the opposite points of intersection of the lowest ele- 
ments. 

Theor. % {PI. A, Fig. 5.) Zei A'C'B' ie the vertdcaZ 
pnp'ecium of a setnd ^M^m s'duated m a verHcal ^Icme, of 
which AD, pa/raUel to A'B', is the horizontal traoe; and let 
ihepovrtt O, on the jierpendicidm' OC to AB 'which lisecis it, 
he W.e horizontal proJeoUon of a mefrtiedl Une through O, am.a 
let the semi dlijpse and this vertices ie taken as the diretkrices 
of a surface, generaied iy moving a Ime pa/rdUel to the hor- 
montal plane, am,d im. each of its sucoessi^ie positions touching 
the •vertical at O aind the setni ellipse j them, will am/y eecHon 
of this smface by a pkms, as ad, parallel to the plaaie qf 
the dlipse, he also am, dimse of which the Une ab iniercepted 
hetween OA and OB, imU lie one fflcw, and the Une O'C equal 
to the obh&p serm awis. Aiid a tange>rd Une drawn to this 
eUipse at ayi/ypoimt, as the onepr-<yedeA im, n, n', willpierce 
d^ horisoniaf plane in a Une OD, dTO/ionfrom, the point 
to the point D, whefre a ta/ngent to the dh-edfl/ng ellipse at the 
poi/rd projected i/nza, TO.', atthesam,eh^ghtasn', <uso pierces 
the hm^onUA plane. 

Ist. Through the point projected in n, n', di-aw the pro- 
jections Om and oW of an element of the siu'face, and 
project the hne ah into a'h'. Ab the lines SC and to are 
parallel, there obtains 

SC : ho :: mO : no; 

\m.i SO=B'0'; ho—h'0',&Ti<imO=:m'o'; no=.n'o' ; 
therefore, B'O' : VO' W m'o' : n'o', 
which shows, from the properties of ellipses having a com- 
mon axis, that the curve hn'C is an ellipse. 

2d, tet tangents he drawn to the two ellipses at the cor- 
responding points m' and n', at the same height above A'B'. 
These tangents will intersect the common axis at the same 
point E', and the other axis at points D' and d' such, that 

O'D' : O'd'v.m'o' : n'o'. 
Projecting the points D' and d' into the respective planea 
of the two ellipses at D and d, and observing that 0'D'= 
OD : 0' d' =^od : 7nl o' =raG : and«.V=n(?; there obtains 

OB: Cm :: od-.m; 
that is, the line joining the points D and d passes through 
the point 0. 

M&mark. This surface is a right conoid of which the 
horizontal plane is 'Caeiplajne director. 
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Froh. 6. To construct a. tait^efd plrnie and a, norma}. 
Une to the conoid ai am/ point, as n, n'. 

Draw the projections of the element Om, o'mf of the 
Biirface at the giren point. Find where the tangent to the 
directing ellipse at tlie point m, m' pierces the horizontal 
plane. Join this point _Z) with 0. Through n draw a par- 
allel to OD, and where it cuta OJ), at d, draw a line XY 
parallel to Om. This is the horizontal trace of the tangent 
plane at n, n'. For the tangent line at the given point to 
the ellipse projected in 'a6 pierces the horizontal plane at d, 
this is tnerefore one point of the horizontal trace reqnired, 
and as the element of the surface is contained in the tangent 
plane and is horizontal the trace XT' will be parallel to Om,. 

The line sv, drawn through n perpendicular to XY, is 
the indefinite projection of the normal to the surface at 
n, n'. 

Prob. 1, {PI. A, Fig. 6.) To drww a tcmgent ptmie <md 
a normal hne to a hdicoidM swfaoe at a gwen pomt on the 
surface. 

Suppose XYZ, the involute of any given curve ams, to 
be the base of a vertical cylinder; and let the line Zy , tan- 
gent to this euiwe at Z, he the horizontal trace of a plane 
tangent to the cylinder along the element projected m 2/ 
and in this tangent plane, revolved on the horizontal plane, 
let any inclined line Z'^" be drawn through the point Z. If 
the tangent plane be now i-etumed to its vertical position, 
and be ■wrapped around the vertical cylinder, the inclined 
line Zy" will form a hells on the cylinder, and the points 
y", m , &G., in their pwition on the cyhnder, will be pro- 
jected into its base, at the points Y, m, &c. ; such that the 
arcs ZY, Zin, will be equal to the distances Z^', Znu', &e., 
from Z to the projection of these points in the tangent 
plane into ita horizontal trace. If a right line be moved 
aloD^ this helix so that in all its positions it shall be parallel 
to the horizontal plane, afid be projected on thia plane in 
lines as Zz^, Yy, normal to the curve XYZ, thia line will 
generate a belicoidal surface, the elements of which will be 
normal to the cylinder of which XYZ is the base, and tan- 
gent to the one of which asys, is the base. 

Let the point projected in Y^ and which is at the height 
y'y" above the horizontal plane, be the one at which it is 
required to construct a tangent plane, and a normal line to 
the fiurface. Ae the helix makes a constant angle, eqnal to 
the one Zy"y", with the elements of the cylinder, at the 
pointe where they intellect ; and as a tangent to the helix 
at any point makes the same angle as the helix does at this 
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point with tlie element of the cylinder ; it is evident that 
the tangent to the helix, at the point projected in Y", wiU 
pierce the horizontal plane, at a point s, on the tangent 
drawn to the cuvve at J^, at the eame distance from this 
point as the distance Z/y'^=Zir. This point s will therefore 
be one point of the horizontal trace of the required tang'eat 
plane. But, as the tangent plane contains the horizontal 
element of the surface at the ^Ten point, its trace on the 
horizontalplane will be parallS to this element. Drawing 
a line A-B thronffh z parallel to 7y, this will be the trace 
of the required plane. The normal will evidently be pro- 
jected in Ys, as this liae is perpendicular to AB the requir- 
ed trace. 

To find the tme length of this normal let CD, parallel 
to 7z, be the trace of a vertical plane. The element through 
the given point will pierce this plane at a height YY' above 

CD equal to i/y". The normal line will he projected on 
this plane in its true length, and will pass through the point 

Y. Bntj as the vertical plane through OD is also perpen- 
dicular to the tangent plaxie at the given point, the line 

Yz' will be the projection as well as the trace of the tangent 
plane on tins vertical plane. The line Y8 drawn perpen- 
dicular to Yz' will therefore be the indefinite projection of 
the required normal. 

Be,marh. The traces of all tangent planes to the sniface, 
at points on the element considered, will evidently be par- 
allel to Yy, the projection of this element ; and the trace 
of any one may be readily fomid by means of the point z. 
For, through y, where the projection of the element is tan- 

fant to the curve lyyz, through the point z draw an indefinite 
ue yy,i then if at any point on the projection of the ele- 
ment Yy a line be drawn parallel to Ts, the projection of 
the tangent at P", the point where this parallel cnts yy^ will 
be a point in the horizontal trace of the tangent plane at 
the assumed point. This may be readily proved as follows; 
Let the tangent projected in Yz, and the element of the 
cylinder projected in y be taken as the directrices of a warp- 
ed surface of which the horizontal plane is the plane director. 
This warped surface will he tangent to the helicoidal surface 
throughout the entii-e element projected in Yy^ for they 
have the same plane dnector ; a common tangent plane at 
the point projected in Yj and also one, whicli is vertical, 
at the point projected in y. Now, as the warped surface in 
question is a hyperbolic paraboloid, any verticid plane par- 
allel to Yz will intersect it in a right line which will cut the 
element projected in Yy, and pierce the horizontal plane in 
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the liue w, where the trace of the assumed vertical plane 
cuts it. Tills point will thei'efore be a point in the ti'aee ol 
a tangent plane to both surfaces at the point where the line 
cut from the hyperbolic paraboloid intersects the element 
tiouimon to the two surtaxes, and along which they are 
tangent. 

I'rob. 1, PI. 1. To con^ucA the ^yojeetiims and t/rue 
d^msThsions of the bounding liTiea a/rbd sv/rjaees of the voks 
sows of a horizontal full oentr&a/rch. 

This problem comprises several cases, according to the 
character and the pi^itions of the surfaces which form the 
ends or heads of the arch. 

Case 1st. Th& aroh "being termdnated at one end by a ver- 
tioal plane obli^ite to its amia cmd at the other by a veridcal 
plane pee^mM(y<Aap to ike axis. 

Let the semicircle {M^. 1) of which B'O' is the di- 
ameter, be the right section of the soffit of the arch, and 
having divided it into any odd number of equal parts, as 
five for example, draw tlirongh the poinfe or division^', 
^', &Q., radii which prolong to the semicircle d^cribed on 
A'D as a diameter. These radii wiE he directions of the 
joints in the right section, A'B' being their common thick- 
ne^. Through the points A\ /', G\ &e., drawing vertical 
and horizontal lines, they will be the exterior boimding hnes 
of the voussoirs in right section ; the line Z'K" which 
bounds the top of the keystone being assumed at pleasure. 

Let AD yFig. 2) be the trace on the horizontal plane 
containing the axis and lowest elements of the arch of the 
vertical plane oblicLue to tlie axis which forms the front end 
of the arch, and ad the trace of the one perpendicular to 
the axis that bouncb the back end. 

As the edges of any voussoir, as the one of which Q'M' 
WO'P' {Pig. 1) is the right section, are all parallel and 
horizontal, they will be projected into their true lengths in 
plan between the two traces of the end planes. The one 
corresponding to M' will be projected in plan {Fig. 2) in 
Mjm^ ; that corresponding to iV" in J^pi, , &c. 

As all the joints, except the two lowest, are obKque to 
the horizontal plane, their horizontal edges alone are pro- 
jected into their true dimensions in plan. The two lowest, 
corresponding to A'S' and C'I>, are projected into AabB, 
and VodD respectively. To find the true dimensions of the 
others, and the development of the soffit, develop in the first 
place the r^ht section of the soffit, by setting off the dis- 
tances P'E' , E'F', &c., {Fig. 5} respectively equal tc 
the ai-es B'E\ &c. {Fig. 1); and then, by Fig. 2, PI. A, 
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find the points B, E, , M, , &e., of the developed curve 
in which the sofiit is intersected by the obliqiie plane of 
the front end; also lihe right line fi,_ e^^m,, &c,, which is 
the development of the right eection iii which it is ewt by 
the plane of the back. The surtaoe bounded by the devel- 
oped curves and the two lowest elements of the semi cylin- 
der is tlie developed soffit. 

To find any oblique joint in its true dimensions, aa the 
one projected m plan between the lines Mpi and N in,, , set 
off from Jf ', {Ftg. 5) to tlie right along M'C a distance 
equal to M'W (Fig. 1), the breadth of the joint. From 



"(Fi 



and from W set off WN, equal to n'N, (J^ig. 2}. Join the 
points M',]^, ; the trapezoidal figure M]y,n,m^ is the reqnir- 
ed joint. In like manner tlie true dimensions of aU the 
other joints are found aa ahown on Fig. 5. 

Caee 3d. T}w archlemg terinmated at one mdly a jplo/ne 
olUdqwe io ite aads amd to the kor^ontal ^ane of its fuio low- 
est elements cmd at the other ly a vertical ^Icme perpendicu- 
lor to the awis. 

Let AD {Fig. 2) be the horizontal trace of the oblique 
plane, and let the angle which it makes wiHi the horizontal 
plane be f. Drawing any line vw parallel to AJ) {P'rob. 1) 
as the projection in jHan of a horizontal line of this plane, 
and from any point aa ^ a perpendicular Aof to vw, the 
height of the point x above the horizontal plane will he 
three times the distance Jjx. Setting off from A' {Fig. 3) 
the length Aie to ic', at x' ei-ecting the perpendicular w'x"^^ 
ZA'xf and joining A', x", the angle x'A'iff' will he the angle 
between the oblique and horizontal plan^. Taking now 
the distance Ay {Fig. 2) in -which the line viv cuts the line 
Aa, parallel to the axis, and setting it off from A' to y' 
{Fig. 3), erecting a perpendicular y y"=ic'a'", and joining 
A'y", the angle y'A'y" will be the one between the oblique 
and hoHzontal planes measured in the vertical plane parallel 
to the asis of vrhich Aa {Fig. 2) is the trace. 

Having drawn the line A'y", and the vertical at A', 
the projections in plan of the points in which the oblique 
terminating plane cuts the bounding horizontal lines of the 
voussoirs corresponding to the points E, T, F', &c. {Fig. 1) 
in right section are readily determined by applying the con- 
Btmctions in Prob. 4, The points in plan corresponding to 
F' and I' {Fig. 1), for example, will be found by drawing 
lines tlii'ough F', I' parallel to A'y', taking the lengths 
E"E"', A' A'" and settiiig them off from ^, and I, {Fip^. 
2) from the trace AJ) to ^and /^ along the projections m 
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plan of the con'eapoudiug edges of the VLiissoii-a, The 
curve BEF, &e.. thus olitained, and the pentagonal figores 
EllIGFy &C.J are the projections in plan of the oblique 
sections of the soffit and voussoirs of tiie arch, 

R^mo/rh. As a verification of the aecni'acy of the con- 
Bti'Hctiona, the lines IE, GF, &c., prolonged should pass 
through the point L where the asiB cuts the trace AD; and 
the lines A^i, IfG, &c,, should he pai-allel to AI>, as the 
top Buriaces of the vooseoire are horizontal planes. 

Case Sd, The arch ^em^ termdTmted In/ an oblige plane, 
as m either of thej>reoedmg oases, <md at the other mtremit/y 
Jty a s&mi cvreuloff' oylmd&r, Us axis and two ho^ending ele- 
ments Imig -m the same plane as the corresponding! lines of 
the arch cmdp&rpendiGid<w to them. 

Let ad (Fig. 2) he one hounding element of the ^ven 
semi cylinder. Having set off the radius of this cylinder 
from jO, {Fig. 4) on the line A' J) prolonged, and described 
a portion of the semicircle tangent to tlie vertical DN", 
draw through the points M.', N', &c., {Fig. 1) parallel lines 
to AID. By Piw. 4 find the projection in plan of bef, »&c., 
of the curve of intersection of the soffit of the arch and the 
semi cylinder ; also the projections of the points *, A, g, &c., 
in which the horizontal edges of the votissoirs intersect the 
semi cylinder ; the pentagonal figures efghi, &c., will be the 
projections in plan of the lin^ in whi(5i the surfaces of the 
voussoirs intei'sect the semi cylinder, Any point in plan, aa 
n, is found by setting off a length n^n from ad along the 
projection of the edge corresponding to iV. equal to the dis- 
tance ii^"iV"" (>^. 4). 

Re^nark. The lines &i,fg, &c., are portions of ellif^es, 
which prolonged pa^ through the point I, in which the axis 
of the arch cuts the bounding element ad. The lines gh, 
no, &c., are right lin€a, being the projections of the inter- 
section of the horizontal surfaces of the voussoirs with the 
semi eyhnder. The lines hi, m>, &c., are the projections of 
arcs of circles in which the side vertical planes of the vous- 
soirs corresponding to JS'I', O'P', intersect the semi cyl- 
inder. 

The true dimensions of the Joints in either of the two 
last cases are found by setting oft from the line B'O' {Fiq. 
5) the lengths along the perpendiculars, at the points F', T, 
&c., which correspond to the distances respectively of the 
points E, Zand e, i, {Case ZA, Fig. 3) from A'D. 

MemarJc. As a veriiieation of and aid to aecnraey of 
construction, let a line LI {Fig. 5) be drawn parallel to Ihe 
edge M'm and at a distance from it equal to L'M' {Fig. 1) 



Hosted by 



Google 



42 BTOSE CUTTlHG, 

the radius of tlic right section; the right lines MN and 
M^N^ prolonged should intersect the line LI at tie same 
point i, such that the length II {Fig. 5) shall be the same 
as JI (l''/^. 3). In hke manner the curve nu^m prolonged 
should intei'sect the same line IZ at the point I which cor- 
reaponds to the one I {Mg. S). Similar eonstruetiona of 
venScation will he found on Ikg. 5 {Ph. 3 and 4). 

Fi'om an examination of Fig. 3 it will be aeen^ that the 
projection in plan of the vonasoir corresponding to M'WO\ 
&c., {Fig. 1) in right section, will in Oase Sd be bounded on 
one end by the figure MNO, &c., on the other by the one 
«wtf, ifeo. ; and by the parallel lines which join the coiTea- 
ponding points Mm, i™, &e. 

A^UeaUon. Having found tiie principal dimensions of 
the voussoiis, let it lie required to cut from a single block of 
stone of the form of a reetaugTilar parallelopipedon the 
voussoir corresponding to M'WU', &c., (Fig. 1) m Oase 3d, 
Drawing a line ^T wirough Q' perpendicular to O'P', and 
prolongma O'JV' to H' on the line drawn through M' par- 
allel to O'P' the rectangle P'F will evidently be the di- 
mensions of the end of the block within which flie voussoii- 
in right section can be inscribed. The dimensions of the 
lengm of the block will evidently be determined by drawing 
through the point Q (Fig. 2) a line P^Q parallel to ro. 
Having inscribed on the end of a block of the form and 
dimensions thus found, tJie figure in right section, the block 
would be prepared by cutting away those portions, ae 
M'S'Q', &c., which are exterior to the figure. This being 
donOj thepoints corresponding to M, M, 0, &c., and m, n, 
o, &o., (itg. 2) can be set oft on the corresponding edges, 
and the two ends of the voussoir, the one terminated by 
the oblique plane, the other by the semi cylinder, be obtain- 
ed. In cuttmg away the portions of the block to form the 
curved surfaces of the soffit, and of the end of the vou^oii', 
a model cut from a thin board, by shaping it on the back to 
the foi-m of the are M'Q' (Fig. 1), and alike model cut to 
the form of the arc PN'", would be requisite as a guide to 
the workman, to be applied, from time to time, in a direc- 
tion peiyendieular to the elements of the cylinders, until it 
is found that the models coincide accurately at aJl points 
with the prepared surfaces. 

Models also of the true forms of the joints, determined 
in Fig. 5, may be cut from thin pasteboard, or any like ma/- 
terial, and be used to verify the work. These fast would 
evidently not be requisite to guide the workman in setting 
ofi' his point* where he works from a block of the above 
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form. But, in eases where a block of irregiilar shape lijiJ 
to be taken, they may be found the most convenient tor set- 
ting off the points to determine the form of these joints on 
the stone. 

PtoI). 8, PI, 2. To Gonsbfucb the projections and true 
dvmensions of the voussoire m the groined and doisi^ed 
arches. 

In each of these oases the soffits of the arches are formed 
by the intersections of two semi cylinders, the axes of which 
are in the same horizontal plane, and their top elements at 
the same height above this plane. !From these conditions, 
the cm-vea of intersection of the soffits (T7ieor. 1) will be 

5 lane curves, and will be projected in plan in the diagonal 
nes which join the intersections of the lowest elements of 
the semi eyhnders. 

In the casra selected to illustrate this problem {PI. 2), 
the curve of right section of one of the semi cylinders is a 
semicircle (i%. 1), that of the other {Fig. 3) a 8emi ellipse, 
each having the same rise Z'JT; and their axes are taken 
perpendicular to each other. The joints in each arch cor- 
responding to F'G\ &c., are normal to the soffit, or surfaces 
of their respective cylinders ; the upper and lower edg^ of 
the corresponding joints in each arch being in the same 
horizontal plane, as weU as the top surfaces, aa Q'W {Figs. 
1, 2), of the voussoirs. 

Itema/rh. Fig. 1 is the right section of the semi circular 
arch ; Fig. 2 that of the semi elliptical arch; Fig. 3 above 
the line «5 is a portion of the plan of the groined arch, the 
soffit of the semi circular arch being projected within the 
angle BKO and tlie corresponding somt oi the semi ellipti- 
cal arch, only the half of which is shown in plan, being pro- 
jected within the angles aKB and TiKQ. F%g. 5 on the 
right represents two of the joints of a groin stone belonging 
to the semi circular arch with the dev^opment of the por- 
tion of the soffit between them ; that on the left tlie true 
dimensions of the corresponding parts of the same stone 
which forms a part of the other arch. 

Fig. 4 below the line »5 is a portion of the plan of the 
cloistered arch, the soffit of the semi elliptical portion being 
projected within the angles B^KG^ ; that of the semi circu- 
lar portion being projected within the angles J?3^(?^ and 
B,KO, . Fig. 6 on the right represents the two joints of a 
groin stone which fonns a part of tlie semi circular arch 
with the portion of the soffit oetween them; that on the left 
the corresponding parts of the same stone of the other ai'ch. 
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Groined Aroh. Having constructed {Fig. 1) the right 
eection of the semi circulai- aa'cb as in Prol. 7, assnnie B^C" 
{Fig. 3) as the transTerse axis of the ellipse of right section 
of the other arch, and placing it at any convenient position, 
on the left, perpendieulai- to the direction S'O' (Fig. 1), set 
off the semi conjugate L'K' equal to the radius of the semi- 
oirole, and describe the semi ellipse. IHnd on the semi 
ellipse, as sho'wn by the lines X'h', &c., on the left of Fig. 
1, the pointe F', F', t&c, at the same height above ^'C, as 
the corresponding points of the semicircle. Construct tan- 
gents to the semi eUipse at these points, and at the same 
normals for the directions of the joints. Find on these 
normals the points I', G', &c., at the same heights as the 
lite points in Fig. 1. Through the points /', G', {Fig. 2) 
draw the vertical and horizontal lines I'S" and G'S', for 
the bounding lines of the vouBsoirs, Having completed, in 
this way, the ri^ht section {Fig. 2), draw, in plan {Fi^- 3), 
the projection of the axes, and the bottom elements of the 
arches, corresponding to the points S', 6" {Figs. 1, 3). 
Drawing the diagonal lines BE and CO, between the points 
where these elements intersect id plan, they will be {Theor, 
1) the projections of the ellipses in which the two semi cyl- 
inders intersect, and which form the edges of the groins. 

To find the pi-ojections in plan of the voussoir of the groin 
which corresponds to the one M'N'O', &c. {Fig. 1), and 
F'G'H', &c. {Fig. 2), draw Mm {Fig. 3), the projection of 
the lower edge of the joint corresponding to M' {Fig. 1), 
and Mm^ the eon'esponding projection for the point F' {Fig. 
S!) ; and in like manner the lines JVh, and .Nn , the projec- 
tions of the upper edges. Joining M and iP" gives the _pro- 
jection of the mtersection of the planes of the two joints. 
Find in like manner Qg and Q^^; Pjp and Pp, , the projec- 
tions of the edges con'espondmg to the joints Q'P' and 
E'l'. Joining Q and P gives the projection of the inter- 
section of the planes of the two last joints. Having found 
the projections in plan of the edges of the joints and their 
intersectioi^, the vonssoir is terminated on the semi circular 
arch by a joint of right section mp, taken at any suitable 
distance from the point _P/ and on the semi eUiptieal arch 
by a like joint 'in,j) ,. The required voussoir in plan will be 
the figure MmpPp,m, . The part above the line MG be- 
longing to the semi circular arch ; that to the right of it to 
the other. 

To find the true dimensions of the joints of this voussoir 
and of the portion of tlie soffit which belongs to the semi cir- 
cular arch, draw a hne 7np {Fig. 5) to correspond to the one 
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(Fig. 3) of the plane of 



right section by wkicli the voua 
line Bet off mn—M'N' {Fig. 1\ 



soir is .terminated. On this line set off mn= Jf' iV' {Fiy. 1) 
the breadth of the npper joint; 7iq=M'Q' the length oi 
the ai'c between the joints; and. ^p^^Q'P' the breadth of 
the lower joint. Through these points draw perpendicular 
to the hne, and set off on them nN^mM {Fig. 3) ; mM^ 
niP"; ^Q — qQ, sjid pP^-pP. Join the points M, iV, and 
Q, P, by right lin^ ; the points iV, Q, by a avrve line, an 
intei-inedittte point of which can be found by consti-ucting 
in plan the element yx of the sofSt which corresponds to 
the middle point le' (Fig. 1) of the arc M'Q' and setting 
this line off on Fig. 5 from y, the middle point of ng to x. The 
F^. 5 will give the joints rec[nired in their tme dimensions, 
also the developed portion of the soffit between them, and 
Tirfiich is bounded at one end by the curve of right section 
corresponding to mg, and at the other by the^portion of the 
ellipse of the groin eorresponding to MQ {Mg. 3)_. 

In like manner the tme dimensions of the joints, and 
the portion of the soflit between them, which belong to the 
same stone, and form the portion of the elliptical arch ter- 
minated by the joint of right section m,p, {Fig. S) may be 
found, as shown {Fig. 5) on the left ; by setting off the dis- 
tances p q, , ff^m, , m.n, , r^pectively equal to F'Z', F'F' 
and F'ff {Fig. 3), and on the peqiendicnlars to ^,«., , through 
fbe points J),, q^, &o., setting off the distances p,P,g,Q, &c., 
respectively equal to p,P &c., in plan {Fi<f. 3). 

The portion of the keystone which forms the top of 
the groins at the point K {Fig. 3), la limited on the semi 
cirCTjlar ai'ch by the joint of right section G^JV, / and by the 
one ITh on the semi elhptieal cylinder, with a corresponding 
one on the right of IC. 

The joints of i-ight section of the different courses, aa 
mp and 0;^i , are arranged to break joint. 

Cloistered Arch. The constructions for determining 
the projeotiona, &c., of the joints and their true dimensions, 
are precisely the same in this case as in the preceding. 

In Fig. 4 <tafifi are the exterior lines, in plan, and 
S, C,£, O, the interior lines of tlie top of the walle, or the 
"rcnlar 



^ s of the arches ; the semi circnlar arch springing 
the lines 5,(7 and 6',S_and the semi elHptical form 0,S,. 
The lines O^^and B^Kbx% the projections of the half of 
each groin. 

By drawing in plan the edges of the joints eorresponding 
to P'Q' and M'Jy' {Fias. 1, 3), and joining the points P, 
Q, and If, N {Fig. ^, tne intersection of these joints are 
obtained in plan. Tne groin stone which ( 
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these joints is limited by a plane of right section mp {Fig. 4) 
taken at p!easi\re on the semi circular arch, and a like one 
«!- », on the semi elliptical. All the parta of this groin stone 
■will therefore be pro;ieeted within the figure mpPpfln^M. 

To conBtmct the joints and the portion of the soffit in 
their true dimensions which belong to this stonOj commence 
{Mg, 6) by setting off on a right Ime the distances m^i, m^, 
and qp, respectively equal to N'M', M'Q\ and Q'P' {F^g. 
1), and which correspond to the joint of right section mm 
{Fig. 4). .Draw through the points «., m, &c., thus set oft 
perjjendiculars to np, and along these perpendiculai's set oft 
the distances nSf, mM, qQ, and pP, respeetiTelj equal to 
the same Hnes on Fig. i. Join the points NM and QP by 
right lines ; and MQ^ by a curved line, an intermediate point 
oi wbicli corresponding to so' (Fig. 1) is foxmd by setting off 
from y, the middle of mq the distance ypi^ equal y,x, {Fig. 4). 

In the same way the corresponding portions of the groin 
stone belonging to the joint of right section w,,p^ on the 
semi elliptical arch are found from Figs. 2 and 4. 

The top groin stone at K{Fig. 4) which forms a portion 
of the two arches is represented as a suisle stone. 

The joints of right section in the different coui-ses of 
voussoirs are arranged as shown in plan to breal: joint. 

A^Ucation. Having determined the projections in plan 
of the edges of the joints of a groin stone with the true 
dimensions of the joints, and the portion of the soffit of 
each arch belonging to it, their uses in shaping the stone 
from the solid block will be easily understood. Taking, for 
example, the groin stone of the gToined arch, the right sec- 
tions of which are given in Figs. 1 and 3; the plan in Fig. 
3 ; and the true dimensions of the joints, &c., in Fig. 5, it 
will be readily seen that, supposing a block from whicli the 
stone is to be shaped to be a rectangular parallelopid, its 
thicliness must be such that the right section M'JV'O', ifec, 
{Fig. 1) can be inscribed within the rectangle of the end 
that coiTesponds to the joint of right section mp (Fig, 3) of 
the semi circular arch, and the figure F'G'S^, &c., be in- 
scribed within the end corresponaing to the joint wi^^, of 
the semi elliptical arch; and the length of the block must 
be equal to mM, and its breadth to 3£m . 

Having inscribed upon the ends of the block the two 
figures of cross section, the portions of the solid exterior to 
them ai'e gradually worked off until the dressed surfaces 
coincide with Fig. 6, which may be ascertained either by 
measurement, or by the actual application of these ^giires 
cut from some thin flexible materia]. 
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Remark. A careful examination of the lines of the 
figures will show the geometrical methoda for determining 
the tangents to the points on Fig. 2 which correspond to 
Fig. 1. 

Proh. 9, PU, 3, 4, To constpuct tlve projections and t/rue 
dimensions of ths vonssoirs of the rampant oi/lindrioal aro/i. 

This problem, which comprises two eases, is a variation 
of Froh. T. The arch in this, as in Prot. 7, being termi- 
nated at one end by a vertical plane, and at the other by a 
horizontal semi cylinder having its axis and elements paral- 
lel to the vertical plane of the end ; the elements of the soffit 
and the edges of the vonssoirs of tlie arch being oblique both 
to the vertical plane and to the horizontal plane of the plan. 

Oase 1, PI. 3. Construct (Fig. 1) the semicircle S'T'O', 
to represent the oblique section of the arch by the vertical 
plane of the end. Let ad {Fig. 2), assumed at any conve- 
nient distance from A'Z>', be the projection in plan of the 
lowest element of the semi cylinder of the other end, which 
with the axis is taken in a horizontal plane at the distance 
a"'a" {Fig. 3) below the Hne A'D'; and let the lowest ele- 
ments of the arch drawn from the points A'B'O'D'., and its 
asis ti-om i', {Fig. 1) be taken to intersect the line ad, and 
to lie in vertical planes perpendicular both to the vertical 
plane of the end and to the horizontal plane. The edges 
of the vonssoirs as A' a, B% &c., in plan will be perpenSc- 
ular to A' J}', 

To obtain the edges of the vonssoirs in their true dimen 
sions, it will be necessary to find their projections, as in Prob. 
5, on a plane parallel to them. 

Let the vertical plane which contains the edge projected 
in A' a be taken for this purpose, and suppose it revolved 
around the Hne A!K"', its trace on the vertical plane of the 
end, to coincide with this plane. In this new position of 
the side vertical plane the edge projected in A! a will be ob- 
tained on it by setting off A'a"'=A'aj erecting at a'" a 
perpendicular -= a"'a ', and joining A'af". The edges 
drawn from j?', (7', D', and the axis of the ai-eh will all 
evidently be projected into the same line A'a". 

The projections of the other edges on this plane wiU 
evidently be parallel to A'a" {Fig. 3), and their positions 
will be found by drawing through the points F', I', &c., 
{Fig. 1) lines parallel to A'D', and from the points F", (fee, 
in which they cut A'K'" drawing parallels to A'a" {Fig. 3). 

As a" is the revolved position of the point in which the 
vertical side plane cuts the lowest element of the semi cyl- 
inder of the end, and as the axis is in the same horizontal 
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plane as this element, ty setting off on the horizontal through 
a", and to the left of a", the radius of the semi cylinder, 
and from the point thus set off describing an arc a"2i', it 
-will be the one cut from the semi cylinder by the vertical 
side plaoe. The lines, as H"Ii"', M"Ji '" intercepted between 
the arc a"^' and the line A'^'", are the projections in their 
true dimensions of the required edges of the vonssoirs. 

To obtain a right section of the arch, for the purpose of 
constructing the joints of the vonssoirs in their true dimen- 
siouB, and the development of the soffit of the arch ; from the 
point A' draw the line A' Y' perpendicular to the projec- 
tions of the edges on the vertical side plane; this line may 
be regarded as the trace of a plane of right section on the 
side vertical plane^ and the line A!D' as its trace on the 
horizontal plane through A'D'. If the plane of right sec- 
tion thus fiied be revolved around A'D until it become 
horizontal, the right section contained in it will be deter- 
mined in its true dimensions. The points as «', f\ (fee^ 
{Fig- 4) will be found, after this revolution, by setting off 
from the line A!D' along the projeetiona of the elements in 
plan corresponding to the points W, F', &c,, distances equal 
to A!pJ, Aj'j&:c.^jFig. 3) measured from the point A' along 
the Hue A' T'. The cnrve B'e'f'm'g' 0' {Fig. 4) thus deter- 
mined is the curve of right section of the soffit, and the fig- 
ure m'n'o'p'q' the right section of the voussoir corresponding 
to M'N'O'P'Q' {Fig. 1) of the end. 

Having obtained the right section, the development of 
the soffit and the joints in their true dimensions are found, 
as in Pi'obs. 5 and 1, as follows : Having drawn a line B' C 
{Fig. 5) set off along it the distances B'e', e'f',f'-nh', &c., 
respectively equal to tlie arcs B'e', e'f &c^ on the curve of 
right section (Fig. 4). Tlie right line B'C' will be the de- 
velopment of the curve. Through the points B', e', f, &c., 
draw perpendiculars to B'C which will be the elements of 
the soffit in development, which are the lower edges of the 
joints and correspond to the points B', E', &c., {Fi^. 1). 
As the true distances of the extremities of these edg^ from 
the plans of right section are given on Fig. 3, and are the 
distances e'^", e F'" for the edge projected m its true length 
between the line A'F^'" and the curve a,"X.'j by setting off 
e'e" and e'F"', from e' to E', and e' to E'" {Fig. 5), the 
points E' and F'" will be r^pectively points of the devel- 
opment of the curves in which the soffit intersects the verti- 
cal plane of the one end of the arch and the homoTital 
cylinder that terminates the other. In lihe manner the 
points F', M', &c., of the developed cnrve B'T'G' are 
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Sjund, and those as 5'', E'", &c.j of tlie other end. To ob- 
tain the true dimensions of any joint, as the one cori'espond- 
ing to E'l' {Fig. 1), set off the distttnee e'i', {Fig, 5) eqnal 
to the breadth of the joint in right section, which is e'i' 
{Mff. 4). Through a' draw a perpendicular to S'O', and set 
off from it the distance i'l , i-^'", respectively equal to 
o'jI'', a' A!" {Fig. 8). Join F, E'. by a nght line, and 
A!"E"' bj^ a curved line, the fi^re A"'rE'E^" will be tiie 
required joint in true dimensions. The other joints are 
found in like manner. 

To find the dimensions of a block of the form of a rec- 
tangular parallelopiped from which one of the voussoirs, as 
the one coiTesponding to M' 2if' O' P' Q' could be cut, it will 
be observed that the edges of this voussoir are projected in 
their true dimensions on Fig. 3, between the line H"S"' , 
which coiresponds to the points W, 0' {Fig. 1), and the line 
E"E"\ whieii corresponds to Q'j drawing therefore from 
S ' a perpendicular to E"E'" prolonged, and from E" one 
to S"JI"' prolonged, the rectangle thus formed will be the 
true dimensions of one side of the block. As m'n'o'p'g' 
{Fig. 4) is the cro^ section of the same voussoir, the breadth 
of the rectangle of the end of the block must be equal to 
wiV, in order that the figure m'n'o', &c., can be inscribed 
within it. The manner of setting off the diffei-ent lines on 
the block, with the view of dressing it into shape, wJU be 
readily seen from what has already been stated on this point 
in the preceding problems. 

Remarks, From the preceding constructions, the joints 
and the development of the soffit for any other plane end 
passing through the line A 'D\ and having the line A'Z', for 
example, for its trace ou the vertical side plane, can be 
readily found, by setting off, on Fig. 5, from the line E'G', 
the distances between the corresponding points on the lines 
A' Y' and A'Z'., as h'h", for example, m the same way as 
for those between A! Y' and A'K '^ and through the points 
6",f', &c., drawing the developed curve of intersection of 
the soffit and assumed plane, aud constructing the corres- 
ponding j'oints as e"i"A'"E"', , 

Prob. 9, Case fid, PI. 4. This ease is a variation of the 
preceding one, the axis and elements of the aolEt of the 
arch being oblique both to the horizontal plane, and to the 
vertical plane which terminates the arch at one end, but 
situated in vertical planes obHque to the vertical plane of 
the end. The position of the semi cylinder which terminates 
the other eud is the same in all respects as in the preceding 



Hosted by 



Google 



50 8T0NE CUTTIHG. 

Fig. 1 represents the end of the arch iu the vertical 
plane. The curve of the soffit S'F'M' O' iu this plane is a 
Bemicirele, The arch for the mere illnsti'ation of this case 
consists of only three vonssoirs. 

Fig. 3 represents the proieetions of the elements in plan ; 
the axis of the arch ana me lowest elements of its sof&t 
intersect the lowest element of the semi cylinder, which is 
projected in the line ad, parallel to A'D', and lies in a hor- 
izontal plane at the distance D'D" helow A'D' , at the 
points h, I and o. 

Fig. 3 represents the projections of the edges of the 
vonssoirs on the vertical side plane, parallel to them, of 
which D'T and I>' V are the traces on the horizontal plane 
'of the plan, and the vertical plane of the end. The system 
of projecting lines in this case is the same as the one used 
'in Fr<^. 5. 

Fig. i represents the revolved position, on the horizontal 
^lane, of the right section of the arch, contained in the plane 
of right section of which ^Y, perpendieular to the projec- 
tion of the axis Z'l is the horizontal trace, and Js', perpen- 
dicular to D"d, the projection of the axis on the side vertical 
plane, is the trace on this plane. 

Fig. 6 represents the joints and the development of the 
soffit in their true dimensions. 

Having constructed Figs. 1 and 2, find, by Frob. 5, the 
■projections of the edges of the joints on the vertical side 
plane of which D'Tis the horizontal trace, assuming, in the 
^rst place, the line D"d, as the projection of the axis and 
lowest elements on this plane, and parallel to which all the 
other projections of the edges are drawn ; the one corres- 
ponding to the point M' (Fig. 1), for example, is found by 
-setting off from D" (Fi^. 3) on the revolved position 
D'K of the trace of the side vertical plane with that of 
the end, the distance D'M" equal to MM' {Fig. 1), and 
■drawing M"M"' parallel to J}"a. 

Eepresenting, hy the Hno drawn through T parallel to 
■ad, the axis of wie semi cylinder, the ellipse cut from the 
semi cylinder of the end will have dT^ and T8' equal to 
'the radius of the semi cylinder, for its semi axes. Having 
described the quadrant dS' of the ellipse in its revolved po- 
sition, the projections of the edges of the joints intercepted 
between it and the line D'K'" will be the true lengths of 
t-he edges. 

To obtain the right section, take ^T perpendicular to 
the axis Fl in plan, and Ya' perpendicular to its projection 
l>"d on the vertical side plane, as the traces of the plane 



Hosted by 



Google 



BTOKE CL'TTIMG, 61 

of right section. Having foiand {Fig, 4, PI, A^ theprojee- 
tiona a', 7/t, , n', &e. {Fig. 3) of the points in which the elo- 
menta of the soSit and the ed^es of the joints pierce the 
plane of right section, nest constract from these {Fig. 4) the 
right section as revolved on the horizontal plane. 

To construct the soffit and joints in their true dimeneiona, 
draw (Mg. 5) a line a^D' {Fig. 4, PL A) and set off on this 
from b, to 0, the length of the curve of right section h^o, 
{Fig. 4). Drawing t&ough the points !>,,/,, wt, , c, , per- 
pendiculai's to a^_Z)', set off on thera above and below a^D' 
distances m M', m M'", r^pectively equal to mM" and 
m,M"' {Fig. 3). The curves B'F'M'O'^, and hM'''o, drawn 
through the points tlins obtained, will be the developments 
of the intersGction of the soffit with the end plane and semi 
cylinder. To conatmct the Joint of which M'M'" is one 
edge, set off wt^n^ on a^D' eqnal to m^^., {Fig. 4), the width 
of tlie joint in cr033 section ; through n, draw a paraEel to 
M'M , and set off on it «r,iV', nj^'", respectively equal 
to n'M" and n'Hf'" {Fig. 'S). Joining M'M' hj a right 
line, and M"'W" by a curve line, the flgui'e obtained is the 
required joint. The othei^ ai'o found in like manner, 

Bema/rh. A comparison of the lines on Fig. 5 with 
those on Pig. 3 will point out the manner of constructing 
an intermediate point as v of tiie curve M"'W". 

Prob. 10, Pi. 5. To construct tJw ^rojecUona <md trm 
iMmemdons of the voussoi/rs of the he^TVi^herical dom^e. 

Let the semicircle (Fig. l)5'X"t?' be the vertical section 
of the soffit of the dome, and aupprae it divided into seven 
equal parts at the points .£''. F', (fee. Drawing radii through 
the points F', &e., set off upon them the equal distances 
F'F, F'G'y&c, and complete, as in the preceding cases, 
the ■figures -C'/'-a"f?'i*", &e., to represent the sections ol 
the vousBoirs. If Fig. 1 be supposed to be revolved about 
the vertical radius Z'X" as an axis, any section of a vous- 
Boir, as E'I'S" O-'F' would generate the entire vouasoir of 
the dome comprised between the horizontal circles on the 
soffit projected in the lines E'Q' and F'M'. The lines 
E'l', F'G\ in this revolution generate tlie joints between 
the voussoir in question and the two in contact with it, 
which joints are portions of a cone of which the centre of 
the dome is the vertex, and UL" the axis. The line PR' 
will generate a cylindrical surface having the same axis, and 
the line H'G' a plane. 

Having in this manner determined the bounding surfaces 
of each eoni-se of voussoirs, the course is divided into blocks 
of suitable dimensions, by joints of right section, formed by 
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interaecting the course by yertieal planes throiigh the ttsis, 
Z'Z". If /^ and l^F^.{Fig. 2), for esample, he taken aa 
the prmections m plan of two jomte of right section, the 
^ure II,F,E, ■wilt be the projection in plan of a block or 
vou^oir of the conrse in qnestion. The flgurs E'I'I"E" 
{Fig. 1} is tiieprojection oi the lower conical joint of this 
vousBoir; F'GF'G F" that of the upper conical joint; and 
E'F'F'^E" that of the portion of the soffit. The joints 
of right section of the adjacent conreea break joints, aa 
shown at j5"'_S", Y''^', &c., on the curves Y' L ' , V Z", 
&c, {Fiff. 1), which are the projections of the circles cut 
from the soffit by the joints of right section. 

ApplicaUon. Having determined the projections of the 
bonndmg lines and eurfacea of a vousaoir, their true dimen- 
sions can be easily determined, and from them the size of a 
block from which the Tonssoir can he cut. Taldng, for ex- 
ample, the vouseoir projected in plan {^jp'. 2) yo.II^F,E^, 
firom am inspection of tne projections {Figs. 1, 2) it is obyious 
that the dimensions of a block from which it can he cut 
must be such that the figure II,F,F^ {Fig. 2) can be inscribed 
within its base, and its thicknesa be equal to the vei-tica] 
height between the lines M'Q" and E'E" {Fig. 1), the tota" 
depth of the voussoir. Having selected a block of the suit- 
able dimensions, the difierent fines and surfaces of the voiuf- 
soir can be obtained in their true dimensions from its projec- 
tions ^igs. 1, 2, 3), and marked out on the sides and bases 
of the block. 

It will be seen tliat the end of this voussoir, which forms 
a portion of the soffit, is comprised between the two merid- 
ian planes Zfi, and I^F, {Fig. 2) and the upper and lower 
corneal joints. The points F', F" , E', E", {Fig. 1) are 
therefore the projections of the four angular points of the 
voussoir, on the soffit, and lie upon the efrciunferenee of a 
small circle of the dome jjassin^ through the pointe of which 
these are the projections on F^g. 1. This small circle can 
be readily constructed {Fi^. 4), since the lengtls of the 
chords iomiug the two upper points F'F", and the two 
lower E'E" {Fig. 1), are given m their true dimensions E,F, 
and EF{Fig, 2); and the diagonals projected in EF, and 
E,F{Fig. 2) can be readUy obtamed in their true dimensions. 
Having set out the small circle determined from these ele- 
ments (^«'^. i), it win limit the portion of the soffit on tlie 
end of the voussoir, and will serve as a guide to the ^'ork- 
man in working it out. 

Fig. 3 gives the true dimensions of the side of the vous- 
soir in the meridian plane lE^ {Fig. 2). 
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Prob. 11, PI 6, To Gonsbruet the jirojeotions mid, true 
dhnensioTts of the voiMsoirs of tJie gate-recess. 

The line BO {Fig. 3) represents the trace of the vertical 
face or front of a wall ; ad that of the back, also verticaL 
Through this wall an arched gate-way is to te so oouatructed., 
that the gate, composed of two leaves, may be placed mid- 
way between the face and back, as at AD, and when open 
the leaves sliall be thi'own back, taking respectively the 
positions Afl, P,d, bv revolving aronnd the vertical axea 
projected in A and _Z)^ . In this way, the gate oecnpiea a 
recess witMii the wall, from which circiunstance the problem 
is named. 

Let B', E\ 0\ {Fig. 1) be the cnrve of right section of 
tlie right arch, BB^Q G{Fig. 2)_its plan. Let the top of 
the gate when closed be a semicirculai' cyKnder, jI'Z^' {Fig. 
1) being its dianaatar, and the rectangle AAfifi {Fig. 3) 
ite plan ; the gate when closed shutting against the plane 
euriaee ling projected {Fig. 1) between the two semicircle ; 
and Fig. 2 in the line At). 

The problem to ha solved consists in so arrangina the 
surface ot the recess under which the leaves swing m being 
opened or closed : 1st, that it shall offer no obstruction to 
the play of the leaves ; 2d, that it shall be one of easy geo- 
metrical construction ; 3d, that it shall present a pleasing 
arcliitectural effect. 

The lines A,a., Dd, {Fig. 3) being the traces of the ver- 
tical side planes of the recess against which the leaves I'est 
when closed, these planes are each terminated at top by an 
arc of a circle assnmed at pleasure, but of greater radius 
than A'L' {Fig. 1). To constmct this arbitrary arc {Fig. 8), 
revolve the side plane J)^d around the axis projected in Jj, 
{Fig. 2), and B'jD" {Fig. 3), parallel to the face of tiie wall, 
into the position B,d, . Assume d'" the highest point of 
the arbitrary are in the revolved position, at flie same hei,^ht 
as h' {Fig. 1) is above L', and construct an arc passmg 
through jj'dJ" and tangent to DD", and let this be taken 
for the required are. Supposing the side plane revolved 
back to its primitive position, D%" will be the projection 
of the arc ; and d'd" that of the vertical edge of the back 
and side planes. 

Let this arbitrary arc, the semicircle projected in A'Jc'D 
{Fig. 1^ and AD, {Fig. 2), and the axis of the arch pro- 
jected in L' {Fig. 1), 12 {Fig. 2), be taken as three dii'ec- 
trices of a warped surface, to form a portion of the upper 
sm-face of the recess. The projections of the extreme posi- 
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tion of the element of this surface will be d"x'L' {Fig. 1\ 
dsi^ijf'ig. 2). A like surface cov^era the opposite side. 

To ioriu tlie top, the two warped Bnrfaces ctetermined are 
connected by a third, which must be tangent to each of them 
along the extreme element d" L\ a"Z' ol' each, ao that the 
three surfaces may appear as a continuoue surface, and thus 
satisfy the 3d condition. To satisfy this condition, let 
the axis of the arch and the serQicircle, which ai'e two of 
the directrices of the two first warped surfaces, be taken 
as two of the directrices of the third. This will give two 
tangent plan^ common to the surfaces along each of the 
elements d'L', a"L', Construct now a tungent plane to 
the warped smface found at the point dl', b^ drawing a tan- 
sent to the cTirve projected in D'd" at this point, and throngh 
Siis tangent and tne element projected in dJ'IJ passing a 
plane, ihe element pierces the vertical plane of which 
A-^D^ is the trace at iB, aj'y the tangent to the curve Dfi" at 
d!' intersects the vertical line IrD" at D" ^ joining then 
D", a?', it will be the projection of the trace of the tangent 
plane on the vertical plane A,I>, ; the prmection of its trace 
on the vertical plane ad, is v'dl'w', parallel to dD". Draw- 
ing an are of a circle passing through u" and dl' and tangent 
to ii'-uf', if it is taken as the third directrix of the second 
surface, tlie two surfaces will be tangent, as they have a 
third common tangent plane at d". 

Tlie 2d condition is satisfied by taking warped enrfaees 
to foi'm the soffit, or top surface. 

Having constraeted the warped surfaces, with these arbi- 
trary conditions, it will be necesaary to ascertain whether thej 
satisfy the 1st condition. To do this, it will be obsei'ved 
that the top of the leaf deseiib^, in its revolution, a surface, 
and whidi, to satisfy this condition, should not intersect tie 
warped surfaces within the side plane, as A^a, for example. 
Tliis intereection wiU be found by tne i^ual methods for 
finding the intellections of two given surfaces. The line 
r's' {JPig. 1), for example, may be assumed as the vertical 
trace of a norfzontal plane intersecting the two surfaces. 
This plane will cut from the surface described by the top of 
the leaf an arc of a circle, projected in ar {Fig. 2) and from 
the warped surfaces an arc asr; and as these intersect at r, 
without A^,a, the surfaces do not interfere along this hori- 
zontal plane. The same construction would be made for 
other points. 

The bounding lines of the top surface being found, the 
arch is divided off into five equal parts, as Ii',E\ &c. The 
plaues of the voussoii' joints pass tlirough the axis of the 
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arch and extend to the points I\ G\ &c., arbitrarily chosen ; 
and from these last points the voussoir joints ai'o vertical. 

To determine the true dimensions of the joints M'JV' 
and Q'l*' {Fig, 1) ; let each of them be revolved aromid 
their lower horizontal edges, projected in M', Q ', parallel to 
the horizontal plane; taking M'W\ this is done by draw- 
ing through M ' a line parallel to Z'D' and Betting off along 
it, from M', diatancea ec[nal to ff'F'-^M'If', I"i', F'N, 
and, to simphfy the construction, drawing through the 
points thus set off, lines parallel to JJM' to intersect LD'; 
from these last points drawing lines parallel to L'l the points 
LUE'ili! G I {Fig. 4) will be found, which joined will give 
the figure and true dimensions of the joint through M'W. 
In a like manner the figure Lk^E'i'f'g'G'ZB.'aA true dimen- 
sions of the joint thi'ough Q'P' are obtained. 

A^^dcaUon. To cut the votssoir out of a block of the 
form of a rectangular parallelopipedj its dimensions must 
be such that the figure iV" 'J/ '(?'^ 0' {Fig. 1) can be inscrib- 
ed within the end, and its length be equal to IQ' {Fig. 4). 
Havitig set out the bounding lines of the different surfaces 
from Fig. 1, the plane and cylindrica! portions will be first 
cut off; next the portion of the warped sarfaees, by first 
working down to the positions of several of the intermediate 
elements, determined from the drawing, and then flaisliing 
off by the eye the portions of the surface between these ele- 
ments. 

Pr(^, 12, PI. 7. To constrviot the ^(^eabions cmd true 
dimensions of the steps of the geomebrvcali stai/rway. 

Let ABVD {Fig. 1) be the polygonal base of a vertical 
w^ along which a flight of atone steps is to ho built, let 
^72, icys, be two curves having the relation of involute 
and evolute to each other; the one XTZ being the base of 
a vertical cylinder, the surface of which limits the ends of 
the steps, and which is termed the well of the stairs. Let 
X, Y^, be another curve parallel to the one X7Z. and at 
the distance from it that person? going up or down the stairs 
would naturally take; and where, on this account, the top 
of each step, or the ■ti^ad should have a nnifomi breadth. 
This tread added to the height, or rise, being usually assumed 
at twenty-two inches, as a convenient distance for each step. 

The problem consists ; 1st, in arranging the tread and 
rise with these conditions; 2d, in making the nndev sui-- 
face of the stairway a helicoidal surface; 3d, in arranging 
the joints between the steps so as to be plane aurfaoes, and 
normal to the helicoidal surface at the middle p( at ; 4th, ia 
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determining from these conditions the form and dimensicma 
of each step. 

Having set off the equal arcs X,l, 1-2, 2-3, &c, {Fig. 
1) along the curve X, Y,Z, , equal to tlie assamed tread, 
draw, through these points, Hues tangent to the ciu-ve iw/s, 
and prolong them to the line icd parallel to S CD ; llie 
quadrilaterals thus formeti, between AilTZ and icd, will he 
tiie trae dimensions of the top surface oi eaeh step. Mid- 
way hetween the equal arc, as at T',, Z,, &o., draw lines ' 
also tangent to xyz, and let these he assumed as the projec- 
tions of i;he edges of the joints along the helicoidal surface ; 
and, to fix their position, let the edge of each joint be taken 
at the distance of half the rise below the top of the step. 
The points thus determined will lie on a helix, which at 
each of these points is half a rise below the top of the step, 
and the inclination of the tangent to which at any point 
will be the rise or height of each step divided by the unifoiin 
tread. 

Having fixed the position of the helix:, the helicoidal 
BTU^ace is generated hy moving a right line along it so ae to 
be pai-allel to the horizontal plane, ancL in all of its posi- 
tions, be projected nonnal to the curve XltZ. 

Let y, , the middle point of the lower edge Ym, be taken 
as the point at which a normal plane is to be passed to the 
helicoidal surface for the joint m question. Tina plane is 
determined as shown on Mg. 2, by ProK 7 {PI. A, Fig. 6), 
and in like manner the one at s, on Zo as shown in Fig. 3. 

Having determined these planes, then' intersections with 
the tOT« of the steps vrih give the lines Ifn. Of, parallel to 
Ym, Zo, which are the top edges of the jomts. 

With the da;ta. now determined, the form and dimensions 
of the ends of the step to wiiieh these two joints belong 
can be determined. The larger end of the step is contained 
in a vertical plane of ■which 7ng is the trace on the hoiizontal 
plane. Draw a line S'O' parallel to ha and at any assumed 
distance from it; this may be taken as the revolved position 
of the top line of the end, on the horizontal plane. I'rom 
the points m, n, o, J5, and q draw perpendicular to 7nqj 
set off on these the distance g'V for the rise of the step ; 
m"tn' equal to half a rise : o' half a rise below _p' ; join the 
points thus set off. The figure 7/i'n'g'"q'^'o' is the one reqiiir- 
ed. To find that of the other end {Fig. 5), the portion of the 
cylinder of the well ITM is developed, and tJie correspond- 
ing points set off on it; the figure l'N'M"M'0'Z' le the 
flue requi-ed. 
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A^Iicatimi. To cut the stone, a block must be taken 
upon the top of whieli the figure YmqM {Fig. 1) can be 
set off, and on the large end I^g. i. Having dressed off 
the plane and cylindrical suifaces, the portion of the 
warped surface can be dressed off as in tbe preceding prob- 
lem. 

Prob. 12, _PZ. 8. To construct the prelections and true 
dim^enaions of the voussows of the groined mmular and 
radiant aroh. 

The soffit of this arch is formed of tbe surfaces of an an- 
nular and radiant arch, the intersections of which form the 
curves of the groin. 

To find the horizontal projections of these curves, let (Fig. 
2, PL 8) E' 0' be the diameter, and K" the centre of a semi- 
circle, contained in a vertical plane passed through the ver- 
tical line projected at L horizontally. If the semicircle be 
revolved ai'onnd the vertical L it will generate the surface of 
an annular arch. 

From the point L (Fig. 1) in the horizontal plane of the 
diameter E' C' of the semicircle let two lines L B' and L o 
be drawn, making any convenient angle with each other, and 
let the chord of the arc B' c, included between them, de- 
scribed by the point B' of the semicircle, in its revolution, 
be taken as the transverse axis of a semi-ellipse, contained in a 
vertical plane of which B' e is the trace; the conjugate semi- 
axis of this ellipse being equal to the radius of the semicircle. 
Then if a right line be so moved that it shall, in all of its 
positions, be parallel to the horizontal plane of the semi- 
transverse axis of the ellipse, intersect the vertical through 
L, and rest on the curve of the semi-ellipse, it will generate 
the soffit of the radiant arch. 

The horizontal projections B' L^ 0, and C L 6, which are 
those of the groins, will be obtained, by finding the inter- 
sections of the projections of the corresponding elements cut 
from the two soffits by horizontal planes. The point L, 
being that of the highest point; and the points B' C C, c 
being those of the lowest points of the groins. 

If now the semicircle be divided into five equal parts, and 
the right sections of the voussoii's of a cylindrical arcia be 
drawn (Fig. 2); the joints E' I', F' G', &c., of this right sec- 
tion, in the revolution of the vertical plane containing them, 
will describe zones of conical surfaces, the vertices of which 
will be on the vertical through L, where these joints pro- 
longed intersect it. In like manner, the lines I' H', G' G", 
&c, will describe cylindrical surfaces, having the same verti- 
cal for their common axis ; and the horizontal lines, as G' H', 
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&c., will describe zones of circles. Thus completing tlie 
bounding surfaces of the voEssoirs belonging to the annular 
arch. 

As the soffit of tlie radiant arch is a right conoid, having 
tho horizontal plane, containing the semitranaverse a^is of 
the directing semi-ellipse, for its plane director, and the ver- 
tical throngh L as its right line directrix, its joints, along the 
rectilinear elements corresponding to the horizontal eirclea 
described by the points Q , M', F', E', of the semicircle, to 
be normal throughout to the soffit, would require to be 
warped surfaces. To avoid the inconvenience of constructing 
these, a plane surface joint is substituted for each stone in- 
stead of the other; and this is so taken, that it shall be nor- 
mal to the soffit at the middle point of that portion of the 
right line element of the soffit which belongs to the joint. 
Taking for example the element projected in L E, e„ and as- 
suming that the groin voussoir is bounded, on the radiant 
portion of the arch, by the lines Fj/i; by/, I, which is the 
projection of the line cut from the soffit by a vertical cylin- 
der; by the projection F, B, of the groin curve, and by the 
line E' *!,; then F, /will be the lower edge of the radiant 
joint, corresponding to the lower edge of the annular joint, 
described by the point Y' ; and E^ e, will be the lower edge 
of the joint below, corresponding to the one E' I'. 

Having the lower edge E, e, of the joint, the other bound- 
ing lines of it are found by constructing a normal plane to 
the soffit containing the right line element through Bj, at the 
middle point e of E, e„ and finding the intersections e, I of 
this plane with the vertical cylinder / I that limits the 
Tonssoir ; with the conical zone described by E' I', and which 
is projected in E, s/ and finally with the horizontal plane 
which passes through I' (Fig. 3), and which m'ill be projected 
through I parallel to E^ e,. 

In like manner the plane joint projected in F, /, g^ Q can 
be found. 

The portion of the groin stone, belonging to the annular 
arch, is limited by a vertical plane passed through the points 
L, F3, H ; tbe line Pj B, of the grain ; the upper and lower 
conical joints ; the cylindrical surface projected in s H ; and 
the horizontal plane through G' H' (Fig, 2), 

iVofe. — To construct the normal plm 
of ibs Todiofht arch see Prob. 6. 

All the horizontal lines of the surfaces bounding the groin 
voussoir, in question, are projected in their true dimensions 
nFig. 1. 

Having found the horizontal projections of all the lines 
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bounding the groin scone considered, the true dimen- 
sions of all the developable surfaces by which it is bounded 
can be found by methods already used in the preceding 
Probs. 

Take, for exanuile, the plane joint of the radiant arch, 
projected in E, Sj 1 3. Having first determined the tangent 
plane to the middle point 0, of the lower edge of the joint, 
and its trace t, t,, on the horizontal plane of the springing 
Jines, by Prob. 6, let this last plane be intersected by a ver- 
tical plane XYperpendicnlar to the lower edge E e, (Fig, 1), 
and let it then be transferred, parallel to itself, to S Y (Fig. 
3). The plane X Y will cut from the tangent plane a line 
which, in the revolved position of the plane X Y (Fig. 3), 
will be projected in t, E' ; E" E' (Fig. 3) being equal to E" 
E' (Fig. 2). From E' (Fig. 3) drawing a line perpendicular 
to E' t, it will be a normal to the soffit of the radiant arch at 
e, (Fig, 1), and where this normal intersects at I' a line par- 
allel to E" t„ and at the same height above it as I' (Fig. 2) 
ia above E", the line E' V (Fig. 3) will be the true width of 
the plane joint considered. Now, revolving this plane joint 
around the line E' I' to coincide with the vertical plane X Y 
(Fig. 1), the points e„ E, (Fig. 1), for example, will fall in a 
perpendicular to E' I' (Fig. 3) as for from it, at e" and E", 
as they are in horizontal projection from Z Y (Fig. 1). In 
like manner, the points *' and 1'" (Fig. 3) are found ; and 
e" E" I'" i' will be the true dimenaiona of the plane joint. 
E" I'" will be the intersection of the plane radiant joint with 
the corresponding conical joint of the annular arch ; and &'■ 
i' the intersection of the same joint with the cylindrical joint 
fj I of the radiant arch. 

Fig. 4, showing the true dimensions of the upper plane 
joint, is constructed by a like series of operations. 

Fig. 5 is the development of the cylindrical joint of the 
radiant arch projected in/", I; and of the cylindrical surface 
of the groin stone of the annular arch projected in s H. 

The projections of the conical joints of the annular arch 
are easily found, by developing the cones to which they be- 
long. 

Fig. 6 is the development of the end surface of the exterior 
voussoir of the radiant arch which joins the groin voussoir 
considered. 

These arches rest, as in the cylindrical groined arch, on 
pillars. The tops of these pillars, on a level with the spring- 
ing lines of the arches, are shown in the trapezoids E B' a' a, 
C V b, &c. (Fig. 1.) 

The dimensions of the block for the gi'oin stone in ques- 
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tion are al.'. given in the projections, sectiona, &c,, of Figs. 1, 
2, 3, 4, 5, and the developments of the conical joints, with 
uhese elements, the bounding lines can be marked oat on the 
block, and the voussoir be worked off, by methods similar to 
those pointed out in the two preceding problems. 



Hosted by 



Google 




Hgsfed by Vj005^I ( ' 



Hosted by 



Google 



Hosted by 



Google 




Tt^it 



.-lng:tpH h\/ 



CooqIJ' 



Hosted by 



Google 




V 



y -^ i 



XJ 



I l octod by 



^nr>gl|> 



Hosted by 



Google 



Hosted by 



Google 



. I 


~=S^ 


•^ Z?^_._.4_ J 


s 


.rti 


^id 



^ 



i'ml 








Hosted by 



Goo^k 



Hosted by 



Google 





^<z^tz::>'^ /—i' 




Hosted by 



Goo^k 



Hosted by 



Google 



Hosted by 



Google 



Hosted by 



Google 



■^^/ " '^'^* 




Hosted by VjOO^^IC 



Hosted by 



Google 



Haw York, August, 1873. 

JOHN WILEY & SON'S 

LIST OF PUBLICATIONS, 

15 ASTOB, PLACE, 

Under the MercantUe Library and Trade 



AGRICULTURE. 



FRUITS AND FRUIT-TREES OP AMERICA; oi the 
Culture, Propagation, and Mauagement in the Gardi^n and: 
Orcliard, of Fruit-treea generally, with, deEoriptions of all the' 
finest Tsrietiea of Fruit, Native and Foreign, cultivateil in lihis 
country. By A. J. Downing. Second revision and conectioi^. 
with liirge additions. By Chas. Downing. 1 vol. 8\o, over 
1100 pages, Witt several himdred outline engravingB. trice, 
with Supplement for 1873 $S 00 

the Llbtaty of erorj Pomolo^U^ In America." — Harvhail P. Witdci: 

ENCYCLOPEDIA OF FRUlTSj or, Frmts and Fnrit- 
Trees of America, Part 1.— Apples. With an Appendix . 
containing many new varieties, and brought down to 1873. 
By Chas. Downing. With numarona outline engravings, 8yo, 
fuU cloth $3 50 

EHCTCLOPEDIA OF FRUITSj or, Fruits and Fmit- 
Trees of America. Part S. — CnBRitrBS, Gkapbs, Peaches, 
Pbars, &c. With an Appendix containing many new varie- 
ties, and brought down to 18'i'3. By Ohaa, Downing, With 
numerous outline engravings. 8vo, full cloth $3 50 

FRUITS AND PRUIT-TRBES OF AMERICA. By A. J. 
Downing. First reyisededifcion. By Chas. Downing, 13mo, 
oloth $3 00 

SSLSOTBB FRUITS. From Downing-'s Froita and Fmit- 
Trees of America, With soma new varieties, including tlieit 
Culture. Propagation, and Blamigemeut in the Garden and 
Orchard, with a Guide to the Belection of Fruits, ivith refer- 
ence to the Time of Ripening. By Chas. Downing. Illus- 
trated witi upwards of four hundred outlines of Apples, 
Cherries, Grapes, Pluma, Pears, &c. 1 vol, 12mo $3 50' 

IjOUDON'S GARDENINa FOR LADIES, AND COM- 
PANION TO THE FDOWEH-aARDEN. Second. 
Araeiican from third London edition. Edited by A. J. 
Downing. 1 vol., 13m<J $3 00 

THE THEORY OF HORTIOULTURB. By J. Lindley., 
(. With additions by A. J. Downing. 13mo, cloth $3 00 

COTTAGE RESIDEWOHa A Series of Des^ns for Rural 
Cottages and Cottage Villas, with Garden Grounds. By A. 
J. Downing. Containing a revised List of Trees, Shrubs, 
and Plants, and the most recent and best selected Fruit, with 
Bome account of the newe; oi.yle of Gardens. By Henry 
Winthrop Sargent and Charles Downing. With many new 
desrlgna in Eural Architecture. By George E. Harney, 
Aiohiteot 1 Tol."4to. ^6 00' 
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JOHa WILEY a EOTT S LIST OF PDBLrCATIOSS, 



DOWNING & HINTS TO PERSONS ABOUT EUIDDINO IN THE 

WICHTWICK. COUNTRY. By A. J. Dowiimg. And HINTS TO 
TOUNO AROHITEOTB, calculated to facilitate their 
practical operations. By George Wigitwick, Architect, 
Wood engravings. 8ro, cloth .■ $S 00 

KEMP, LANDSC ftPE GARDENING \ nv. How ti Lay Out a Oar- 
den. Intended od a general gtdde in choosing, foiTniug', 
or improving an estate (ftom a, quarter of an acre to a him- 
dcad acres In extent), with reference to both design and exe- 
cution. With numerous fine wood engravings. By Edward 
Kemp, 1 vol. 13mo, doth $a 50 

LIEB1C. CHEMISTRY IN ITS APPLTOATION TO AGRICUL- 
TURE, etc. By Justus Von lifibig. 12mo, cloth.. ..$1 00 
LETTERS ON MODERN AGRIOULTURE. By Baron 
Von liebig. Edited by John Blytih, SI.D. With addenda 
by a practical Agiiculturist, embracing valuable suggestiona, 
adapted to the wants of American Farmera 1 vol. 13mo, 
cloth $1 00 

" PRINCIPLES OP AGHIOULTUBAL CHEMISTRY, with 

special reference to the late reaearchea made in England. By 

Justus Von Liebig. 1 toL ISmo 7S cents. 

'PARSONS. HISTORY AND CULTURE OF THE ROSE. By 8. B. 
Paraons. I vol. 13mo $1 S5 

ARCHITECTURE, 

DOWNING. COTTAGE RESIDENCES; or, a Sorioa of Designs for Rural 
Cottages and Cottage Villas and their Gardens and Grounds, 
adapted to North America, By A J. Downing. Containing 
a revised List of Trees, Shrnba, Plants, aad the most recent 
and best selected Fruita. With some account of the newer 
Btryle of Gardens, by Henry Wentworth Sai^feut and Charles 
Downing. With many new designs in Rural Architecture by 
George E. Harney, Architect $6 00 

DOWNING & H1NT9 TO PBHS0N3 ABOUT BUILDING IN THE 

WICHTWICK, COUNTRY. By A. J. Downing. And HINTS TO 

YOUft'G ARCHITECTS, calculated to facilitate their 

psaetical operations. By George Wighiwiclt, Architect. 

With many wood-cuts. 8vo, cloth $3 00 

iHATFIELD, THE AMERICAN HOUSE OARPPNTBR. A Treatise 

upoB Architecture, Cornices, and Mouldings, Framir^, Doors, 
Windows, and Stairs ; together with the most important 
princi|)les of Practical Geometry. New, thorougtly revised, 
and improred edition, with about 150 additionai pages, and 
numerous additional plates. By B. G. Hatlield. 1 vol. 

e»o $3 60 

KOTIOES OF THE WOKK. 
**The clflawHl ji'H^ moat l^armiBlily pmcUcal work on Hie Piitjiect.'* 
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CARPENTERS' AND JOINERS' HAND-BOOK, contain- 
ing' a Treaties on Framing', Roofs, etc., and useful Euies and 
Tables. By H. W. Holly. 1 vol. 18mo, cloth $0 75 

THE ART OF 3AW-FILING SCIENTIFICALLY 
TREATED AND EXPLAINED. With Dircntions for 
putting in order all kinds of Saws. By H. W, Holly.' ISrao, 
cloth $0 75 

SEVEN LAMPS OP ARCHITECTURE. 1 vol. 13mo, 
chrth, plates. f 1 75 
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JOHN WILEY & eon's LIST OP PUBLICATIONS, 93 

LECTURES ON AECHITECT7URE AND PAINTINO. 

1 vol, 13mo, doth, platea $1 50 

LEOTURB BEFORE SOCIETY OP ARCHITECTS. 15 

A TREATISE ON THE RESISTANCE OP MA- 
TER f A tiS, and an Appendix on the Preseirvation of Timber, 
Ey De Volaon Wood, Prof, of Engiueerii^, Univecaity of 
Michig'an. 1 vol. 8vo, cloth $S 50 
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MITCHELL. 



A TREATISE ON BRIDG-ES. Designed as a Test-book and 
for l*ractieQl Use. By De Volson Wood. 1 vol. 8vo, nn- 
merous iliuBteatioDS, $3 00 

ASSAY ING-ASTflON0^3Y. 

A TREATISE ON THE ASSAYING- OF LEAD, SILVER, 
COPPER, GOLD, AND MERCURY, By Bodomann . 
and Kerl. Trimslated by W. A, Goodyear. 1 vol. ISmo, 
cloth $2 50 

A MANUAL OF PRACTICAL ASSAYING. By John 
Mitchell. Third edition, edited by William Crookos. 1 vol. 

thiok 8vo, oloth.. $10 00 

NORTON. A TREATISE ON ASTRONOMY, SPHERICAL AND 
PHYSICAL, with Aatronomical Problems and Solar, Lunar, 
and other Astronomical Tables for the use of Colleges and 
SoientiSc Schools. By William A. Norton, Fourth edition, 
revised, remodelled, and enlaiged. Numerous plates. 8vo, 
doth $3 59 

BIBLES, &c. 
BACSTER. THE COMMENTARY WHOLLY BIBLICAL. Contents: 
— The Oommentaiy : an Exposition of the Old and New Tes- 
tament in the very words of Soripfcure. 2284 pp. II. An 
ontline of the Geography and Hiatoiy of the Nations men- 
tioned in Scripture. III. Tables ot Measures, Weights, and . 
Coins. IV. An Itinerary of the Children of Israel from 
Egypt to the Promised Land, V. A Chronolc^ical compara- 
tive Table of the Kii^s and Prophets of Israel and Jndah. 
VI. A Chart of the World's History from Adam to the Third 
Century, A. D. Vn. A complete Series of Illustrative Maps. 
IX. A Ohronol(^oal Arrangement of the Old and New Tes- 
taments. X. An Index to Doetrinea and SubjeotB, with 
nunierons Selected Passages, quoted in foil. XI. An Index 
to the Names of Persons mentioned in Scripture. XII. An. 
Index to the Names of Places found In Scripture. XIIL 
The Names. Titles, and Characters of Jesus Christ onr Lord, 
as revealed in the Scriptures, methodically arranged. 
2 volumes 4to, cloth $19 SO 

2 volumes 4to, half morocco, gilt edges 28 00 

3 volumes 4to, morocco, gilt edges 35 00 

3 volumes 4to, cloth 20 00 

8 volumes 4to, half morocco, gilt ecfees 3S 00 

3 volumes 4ti., morocco, gilt edges. 40 00 

BLANK-PACED THE HOLY SCRIPTURES OF THE OLD AND NEW 

BIBLE. TESTAMENTS; with copious references to parallel and 

illuBtraMve passages, and the altemaio pages ruled for MS. 
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94- JOBIH WILEY & son's tIST OP PUBLICATZONS. 

THE TREASURY Containing the authorized EngllBli version of the Holy Scriptnies, 
BIBLE. interleaTed with a Traasury of more than 500,000 Parallel 

Passages from Canne, Brown, Blajnej, Scott, and othera. 
With numerous UlustratiTe notea. 

1 vol. , half bound $7 60 

1 Yd., morocco 10 00 

COMMON PRAYER, 4-Smo Size. 
{Dane ill Zoitaott c=a«-e8s(i//or lu.) 

COM WON Ko. 1. Gilt and ted edges, Imitation morocoo $0 631 

PRAYER. No. 2. Gilt and red edges, rims 87* 

No. 3. Gilt and red edges, bast morocco and calf 1 SS 

No. 4. Gilt and red edges, best morocco and calf, rims, . 1 50 

BOOK-KEEPING. 

JONES. BOOKKEEPING AND ACCOUNTANTSHIP. Riementary 

and Pi-aeticul. In iwo piii'Ls, wiLh a Key for Teacliei's. By 

Thomas Joues, Accountant and Teacher. 1 volume SvO- 

cloth $2 50 

" BOOKKEEPING AND AC COUNT ANTSHIP. School Edi- 
tion, By Thomas Jones, 1 vol. Svo, half roan $1 50 

" BOOKKEEPINa AND ACCOUNTANTSHIP. Set of 
Blanks. In 6 parts. By Thomas Jones $1 GO 

" BOOKKEEPING AND ACCOUNT aNTBHIP. Double 

Entry; Results obtained from Single Entry; Equation of 
Payments, etc By Thomas Jones. 1 vol. thin 8to. . .$0 75 

CHEMISTRY. 
CRAFTS. A SHORT COUHBE IN QUALITATIVE ANALYSIS; 

H'itli tie new notation. By Piof, J. M, Crafts, Second 

editioa. 1 vol. 13mo, cloth $1 60 

JOHNSON'S A MANUAL OP QUALITATIVE CHEMICAL ANALT- 

FRESENIUS. SIS. By C. R. Presenins. Edited by S. W, Johnson, Pro- 

fessor in Sheffield Sclontific School, Yale College. With 
Chemical Notation and Nomenclature, old and new. 1 vol, 

8vo, cloth $4 50 

" A SYSTEM OF INSTRUCTION IN QUANTrTATIFE 

CHEMICAL ANALYSIS, By C. R. Fresenius. From 
latest editions, edited, with additions, by Prof. S. W, John- 
son, With Chemical KotatioQ and Nomenclatnie, old and 

KIRKWOOD COLLECTION OF REPORTS (CONDBNSBD) AND 
OPINIONS OF CHEMISTS IN REGARD TO THE 
USB OF LEAD PIPE POR SBiSVICE PIPE, in the 
Iliatribution of Water for the Supply of Cities. By Jas, P. 
Kirliirood. 8vo, cloth $1 60 

MILLER. ELEMENTS OF CHEMISTRY, THEORETICAL AND 

PRACTICAL. By Wra. Allen Miller. 3 vols. 8vo . . $1 S 00 

" Pact I.— CHEMICAL PHYSICS. 1 vol. 8vo. §4 00 

" Part n.— INORGANIC CHEMISTRY. 1 vol. Svo. 00 

•» Part III— ORGANIC CHEMISTRY. 1 vol. Svo 10 00 

proud. It li i\ovi by far the la^eat nnd moEt ftootirately written TrcntE^ on 
ChemiBtry in the EnEllBh language,^^ etc.— Z>'ifiMra Med. Jom^nal, 

" MAGNBTIBM AND EIiEOTRIOITT. By Wm. Allen Millei. 
J VOL Svo $a 60 
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WiUSPRATT, CHEMISTRY— THBOHBTICAL, PRACTICAL, AND 

ANAIiYTIOAL— as applied and relating to the Arts aad 
Mamifaoturoa. By Dr, Sheridan lluspratti. 2 Tola. 8to, 
doth, $18.00; halfrusda $24 00 

WOAD. A MANUAL OP QUALITATIVE AND QUANTTTATIVH 

CHEMICAL ANALYSIS. For the use of Students, By 
H, M. Noad, author of "Manual of Electrieitj." 1 vol. 

13mo. {London. ) Completa $6 00 

QUANTITATIVE ANALYSIS. 1 vol. oloth 4 00 

PERKiNS. AN ELEMENTARY MANUAL OP QUALITATIVE 
CHEMICAL ANALYSIS. By Maimoe Perkins. 13vaQ, 
cloth $1 00 

DRAWING AND PAINTING. 
BOUVIER HANDBOOK ON OIL PAINTING. Haodhoolt of Toung 

AND OTHERS. Ai-tista and Amateurs in Oil Painting'; beii^ chiefly a ean- 

densed compilation from the celebrated Manual of Bouvier, 
with additional matter selected from the labors of Merriwell, 
De Moutalbert, and other distinguished. Coctiiieutal writera 
on the iurt. In 7 parts. Adapted for a Text-Book in 
Academies of boti sexes, bb well as for aelf-iustructlon. 
Appended, a new Explanatory and Critical Vocabulary. By 

an American Artist. ISrao. cloth, $3 00 

COE. PROaHESEIVE DRAWING BOOK. By Becj. H. Coe. 

One vol, , cloth , $S 50 

DHAWINa FOR LITTLE TOLKS ; or. First Lessons for 

the Nursery. 30 drawings. Neat cover $0 20 

" FIRST STUDIES IN DRAWING. Contsining Elementary 

Bxarciaas, Drawings from Objects, Animals, and Eustio 
F^res. Complete in Aree imm/ifi'a of 18 atndies each, in 

neat covers. Bach $0.30 

" COTTAGES. An Introduction to Landscape Drawii^. Oon- 

taiidvii 73 Sdu/jss, Complete in fonr numbers of 18 studies 

each, in neat covers. Bach $0.20 

" EAST LSSSONS IN LANDSCAPE. Complete in fonr 

numbers of 10 Studies each. In neat 8vo cover. Each, $0 30 

" HEADS, ANIMALS, AND FIGURES. Adapted to Pencil 

Drawing. Complctu in three numbers of 10 Studies each. 

In neat 8vo covers. Each |0 30 

■' COPY BOOK, WITH INSTRUCTIONS $0 S7i 

RUSKIM. THE ELEMENTS OF DRAWING. In Three Letters tfl 

JBcginnars. By John Ruskin. 1 vol. 13mo $1 00 

THE ELEMENTS OF PERSPECTIVE. Arranged for the 

use of Schools. By John Rualdn $1 00 

SMITH. A MANUAL OF TOPOGRAPHICAL DRAWING. By 

Prof. R. S. Smith, Second edition. 1 vol. 8vo, cloth, 

plates $3 00 

" MANUAL OP LINEAR PERSPECTIVE. Form, Shade, 

Shadow, and Retleetion. By Prof, R, S. Smith. 1 vol. 8vo, 

plates, cloth ^2 00 

WVARREN. CONSTRUCTIVE GEOMETRY AND INDUSTRIAL 

DRAWING. By 8, Edward Warren, Professor in the Mas- 
sachusetts Institute of Technology, Boston : — 
I. ELBMBNTAHY WORKS. 

1. ELEMENTARY FREE-HAND QEOMETEICAL DBAWING. 
A series of pri^ressive exercises on tegular lines and forms, 
indnding systematic instruction in. lettering ; a training of 
the eye and hand for all who are learning to draw. ISmo, 

cloth, many cuts 7r> eti». 

Vols. I and 3, hound in 1 vol .gt T5 
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JOHN WILEY & &OSS LIST OP PUBLICATIONS. 

ELEMENTARY WORKS.— Continued. 

3. PLANE PROBLEMS IK KLEMESTAEY GEOMETRY. With 
numerous wood-cuts, ISmo, cloth $1 3S 

3. DRAFTING INSTRUMENTS AND OPERATIONS. Con- 

taming full information about all the instmniente and 
materials used by the draftsmen, with, full diiections for their 
use. With plates and wood-outs. One vol. 13mo, cloth, $1 35 

4. ELEMENTARY PROJECTION DRAWING. Reyised and en- 

lal^fed edition. In fiye diTisions. Thin and the last volume 
are fayorite text-hooks, especially valuable to all Mechoaioa] 
Artisans, and aie paiticularly recommended for the use of all 
h^herpnblic and private schools. New revised and enlarged 
edition, with nnmei-oua wood-cnta and plates. {1873.) 13mo, 
cloth :$1 BO 

5. ELEMENTARY LINEAR PERSPECTIVE OP FORMS AND 

SHADOWS. Part I.— Primitive Methods, with an latiodnc- 
tion. Part II. — Derivative Methods, wi^ Notes on Aerial 
Perspective, and many PraoticuL Examples. Numerous wood- 
cuts. 1 vol, 13ino, cloth. $i 00 

n. maHER works. 

These are designed principally for Schools of Engineerings and 

Architecture, and for the members generitlly of those profesaions ; 

and tbii first three are also dcsigiied for use iu those colleges which 

provide courses of study adapted to tlie preliminary general 

training of candidates for the scientifio professiona, as well as for 

those technical schools which underlake that trainii^ themselves. 

1. GENERAL PROBLEMS OF ORTHOGRAPHIC PROJEC- 
TIONS. The foundation course for the subsequent theo- 
retical and practical worts. A new edition of this work will 
soon appear, 

S. 6KNERAL PROBLEMS OF SHADES AND SHADOWS. A 
wider rai^ of problems than can elsewhere he found in 
English, and the principles of shading. 1 vol. 8vo, with 
numerous plates. Cloth. $3 SO 

8. HIGHER LINEAR PERSPECTIVE. Distingnishe,! by its con- 
cise summary of various methods ot perspective construction ; 
a full set iif standard problems, and a careful discussion of 
special higher ones. With numerous large plates 8vo, 
cloth |4 00 

4. ELEMENTS OP MACHINE CONSTRUCTION AND DRAW- 
ING ; or, Machine Drawings. With some elements of deacrip- 
dve itud rational cinematics. A Text-Book for Schools of 
Civil and Mechanical Engineering, and for the use of Me- 
chanical Eetablishmenta, Artisans, and Inventors, Containing 
the principles of gearings, sorew propellers, valve motions, and 
governors, and many standard and novel examples, mostly from 
present American practice. By 3. Edwaiil Wanen. 2 vols. 
itvo. 1 vol. text and outs, and 1 vol, large plates, , . , ,|lT 50 
A FKW FROM MANY TESTIMONIALS. 

" It EeemB to me that your Wocits only need il thoronKh cKaniinatian to bo iDtxo- 
AacoA onct pormiLnently tmed In rH the Sclentlflc und En^evrlng Schools.'* 
— PiDf. J. a. FOi, CoUeame OMii Engineani; liimlitue, Xcm I'or* Cug. 

"I have naed nevsml of jronr BJemeotBry Work", nnd believa Ihem to be better 
adapted to 13ib pnrpoBea of infflrnclioii thBn any others with which I am 
maiBBlnted."— H. V. WALLINO, Pl-^. qf CIsli and I'Dgoffrapli^xil Engt- 
nwrtNS, li^fliiiitle Cullege, EiMoa, Pa. 

■> YooE WorkB appear to Die lo fill a very ImpoiUmt gnp tn ths UteratDre of tha 
titbjeiita tioBted. Any effort to draw Artlsonn, ete., away frnm tbo 'mle o( 
lAnmb,' and give thom an Inxlslit Into priudjites, ia la Ihs light direciion, 
and meeta my liaardett approval. Thin In the diRtjnguLiihIiuf fntura ue vont 
Stameutary Worka." -Pnil. H. L. EUBTI8, Laumace SLltuHJIo Scluiat, 
Cam-Wi^St, Mau. 

**Tfa9 author tiaq )iappily divided the Robjcoti into twosreat' portion": tl.efoimef 
euibraijTng those procesaeB and prublome proper tu be fought to aU BtfldEnte io 
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JOHS WILEY & SONS LIST OP PUBLICATIONS. »( 

DYEING, &c. 
MACFARLANE. A PRACTICAL TREATISE OH DYEING AKD CALICO. 

PEINTIKG-. Including the latest Inventions aad Imprave- 
meuts. With, an Appendix, comprising definiUons o^ oiemioal 
terms, with, tables i>£ Weights, Measures, &o. By an espe- 
rieuced Dyer. With a supplement, containing tha most 
recent discoveries in color ohemistiy. By Robert Maolarlane. 

1 ™l. 8vo $S 00 i 

REIMANN. A TREATISE ON THE MANUFACTURE OP ANILIMB 

AND ANILINE COLORS. By M. Relmann. To which 
is added the Report on the Coloring Matters derived from 
Coal Tar, as shown at the Prendh Exhibition, 1867. By Dr. 
Hofmaim. Edited \iy Wm. Crookes. 1 vol. 8yo, cloth, $2 50 

*^Dr. EelMaEia^fi portidD of Uia Tifiatiae, written in ODndBe]ansiir^e,iaDrDtimnmT 
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ENGINEERING. 
A PRACTICAL TREATISE ON THE PREPARATION, 
COMBINATION, AND APPLICATION OP CALCA- 
REOUS AND HYDRAULIC LIMBS AND CEMENTS. 
To which, ia ^ded many useful recipes for various soii^atifio, 
mercantile, and domestic purposes. By Jamea G. Austin, 

1 vol. 13mo : $2 00 

LOCOMOTIVE BNGINBERINQ AND THE MBCHAN- 
ISM OF RAILWAYS. A Treatise on the Principles and 
Cbnstvuctioii ol' the Locomotive Engine, Railway Cacriagea. 
and Railway Plant, with examples. Ilhistrated by Sixty-four 
largo engravings and two hundred and fovty woodcuts. By 
Zerah Colbum, Complete, 20 parts, $15,00; or 3 vols. 

aloth SI 6 00 

Or, half morocco, gilt top $20 00 

THE MECHANICIAN AND CONSTRUCTOR FOR EK- 
G-INEERS. Comprimi^ Foi^in;;. Planing, Lining, Slotting, 
Shapii^, Turning, Screw- cuttii^, &c. Illustrated vnth 
niuety-Biit plates. By Cameron Kn^ht. 1 voL 4to, hall 

moiocoo. $1B 00 

AN EliBMENTARY COURSE OP OITII. ENGINEER- 
ING, £or the use of the Oadetn of the U. S. Militniy Academy. 
By D. H. Mahan, 1 vol. 8to, with numerous woodoufs. 
New edition. Edited bv Prof. De Volson Wood. Full 

cloth : f g 00 

DESCRIPTIVE GEOMETRY, as applied to the Drawing of 
Fortifications and Stona-Cutting, For the use of the Cadeta 
of the U. S. Military Academy. By Prof, D. H. JIahan. 

1 vol, 8vo. Plat«a $1 go 

INDUSTRIAL DRAWIMG. Comprising the Description Had 
Uses of Drawing Instruments, the Coustraotion of Plane 
Figures, the Projections and Sections of Geiimetrical Solids, 
Architectural Elements, MechaniTm, and Topographical 
Drawing. With remarks on the method of Teaching the 
subject. For the use of Academies and Comm.in Schools. 
By Prof. D. H. Maiau. 1 vol 8vo. Twenty steel platea 

Pull cloth jjj 00 

A TREATISE ON FIELD FORTIPICATIONB. Contam- 
ing inatruotions on the Methods of Layii^ Out, Constructing, 
Defending, and Attacking Entrenchments. With the General 
Outlines, also, of the Arrangement, the Attack, and Defence 
of Permanent Fortifications. By Prof. D. H, Mah.^n. New 
edition, revised and enlarged. 1 vol. 8vo, full cloth, with 

plates $g gg 

ELEMENTS OP PERMANENT FORTIFICATIONS. By 
Prof. D. H. Mahan. 1 vol. 8vo, with numerous largo plates. 
Cloth 46 50 
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ADVANCED GUARD, OUT-POST, and Detachment Serrlc* 
of Troops, with the Eesential Principles of Strategy and 
Grand Tactics. For the nse of OfSoers of the ffilitia and 
Valunteers. By Prof. D. K Mahan. New edition, with 
large additions and 13 plates. 1 vol, 18mo, cloth $1 50 

MBCHANrCAL PRINCIPLES OP BNGINHERIKa 

.Y. AND AHCHITEOTURE. By Henry Moselj, M.A., F.R.S. 

From last London edition, v/iib considerable additions, by 

Prof. D. H. Mahan, LL.D., of the U. S. Mjlitaty Academy. 

1 yoL 8vo, 700 pages. With numerous outs. Cloth. . .$5 Ofl 

HYDRAULIC MOTORS. Transhited from the French CouM 

E. de Mecaniqne, appliqnee par M, Bresae. .By Lieut. P. A. 

Mahaji, and revised by Prof. D. H. Mahan. 1 vol. Stvo, 

plates $3 50 

A TREATISE OK THE RESISTANCE OP MATE. 
RIALS, and an Appendix on the Preservation of Timber. 
By De Volson Wood, Professor of Engineering, Universitj of 
Michigan. 1 vol. 8vo, cioth. $3 60 

A TREATISE ON BRIDGES. Designed ae a Tesfc-bool- and 
for Practioal Use. By De Volson Wood. 1 vol. 8vo, nume- 
roua illustrations, oloth $3 00 

CREEK. 
GREEK TESTAMENT, ETC. The Critical Greek and 
English New Testament m Parallel Columns, consisting of 
the Greek Text of Seholz, readii^ of Grlesbach, etc., etc. 

Ivol. 18rao, half raorooco $3 00 

—do. Full morocco, gilt edges 4 30 

With Lexicon, by T S.Green. Half-bound 4 60 

do. Full morocoo, gilt edges 6 00 

-, — - do. With Concordance and Lexicon. Halfraor., 6 00 

do. Limp morocco. "50 

THE ANALYTICAL GREEK LEXICON TO THE NEW 

TESTAMENT. In which, by an alphabetical arraii^ument 
is found evorj word in tbe Greek text *'» aieryform vn. ichicfi 
it appears — that is to say, every occurrent pejBon, number, 
tense or mood of verbs, every ease and number of nouns, pro- 
nouns, &c, , is placed in its alphabetical order, fully explained 
by a careful grammatical analysis and referred to ita root, so 
that no unoectainfry as to the grammatical structure of any 
word can perplex the beginner, but, assured of the precise 
grammatical force of any itford he may desire to interpret, he 
is able immediately to apply hia knowledge of the English 
meaning of the root with accuracy and satisfaction. 1 vol. 

small 4to, half bound $6 50 

GBEBK-ENGLISH LEXICON TO TESTAMENT. By 
T. S. Green. Half morocco $1 SO 

HEBREW. 

A GRAMMAR OF THE HFIBREW LANGUAGE. With 
copious Appendixes. By W, H. Green, D.D., Professor in 
Princetijn Theological Seminary. 1 vol. 8vo, cloth, . . .$3 50 

AN ELEMENTARY HEBREW GRAMMAR. With 
Tables, Beading Exercisas, and Vocabulary. By Prof. W. H. 
Green, D.D. 1 vol l^mo, oloth $1 BO 

HEBREW CHHESTOMATHYj or. Lessons in IteadiKa- and 
Writing Hebrew. By Prof. W. H. Green, D.D, 1 vol. Svo, 
cloth $3 00 

A NEW AND BEAUTIFUL EDITION OF THE HE- 
BREW BIBLE. Revised Mid carefully examined by Myer 
Levi Letteris, 1 vol, Svo, with key, marble edges $3 50 

eaiUons, unit tte piln t la f sceQcnt, vrbao the nania of Letteris ia a Buffldent 
guHreDlee for cocrestaBss." 'JUV. Dr. J. U. WISE, Sdllor gf tin Ibbaqjib. 
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BACSTER'S BAGSTBR'S COMPLETE EDITION OP GESENIUS" 

GESENIUS. HEBREW AND CHALDBB LESICON. In large 

dear, and perfect type. Translated and edited niti addi- 
tions and corrections, by S. P. Tregelles, IiL.D. 

"Tte cacetnl revi«il to which tile Lexicon has been snbjeoteil by a raithtHl nnd 
—Ediitlmiili Ecciema^ilixil Journal. 

Small 4to, talf bound $7 00 

BACSTER'S NEW POOKET HHBHHW AND ENGLISH LEXICON. 
The arrangement of tbis Manual Lexicon combinee two 
things — the ttymologicfll order of roots and the alphabetical 
order of words- This arrangement tends to lead the learner 
onward; for, as he becomes more at home with roots and 
derivatives, he leama bo turn at onoe to the root, without first 
searching for the particular word in its alphabetic order. 1 
VOL 18mo, doth $3 00 



IRON. METALLURGY, &c. 

BODEMANN. A TREATISE ON THE ASSAYING OF LEAD, SILVER, 

COPPER, GOLD, AND MERCURY. Bv Bodemann & 
Kerl, Transl!Lted by W. A. Goodjear. 1 vol. 13ino, $3 SO 

CROOKES. A PRACTICAL TREATISE ON METALLURGY. Adap- 

ted from the last German edition of Prof. Kerl's Metallurgy. 
By WJlUom Crookea and Ernst Rohrig. In three vols, thick 

8vo, Price $30 00 

Separately. Vol. 1 . Lead, Silver, Zinc, Cadminm, Tin, Mer- 
cury, Bismutli, Aatimonj-, Nickel, Arsenic, Gold, Platinum, 

and Sulphur $10 00 

Vol. 3. Copper and Iron 10 00 

Vol, 3, Steel, Fuel, and Supplement 10 00 

PAIRBAmN, CAST AND WROUOHT IRON FOR BUILDING. By 
Wm. Jj'airbaifn. Sto, doth $3 00 

FRENCH. HISTORY OP IRON TRADE, PEOM 1621 TO 1857. By 
B. P. Freuoh. 8to, cloth $3 00 

KIRKWOOD COLLECTION OP REPORTS (CONDENSED) AND 
OPINIONS OP CHEMISTS IN REGARD TO THE 
0SH Of LEAD PIPE FOR SERVICE PIPE, in the 
Distdbution of Water for the Supply of Cities, By L P. 
Kii-kwooii, C.E. 8vo, clotb $1 50 

LESLEY. THE IRON MANUFACTURER'S GUIDE TO THE 
FURNACES, FORGES, AND ROLLING-MILLS OP 
THE UNITED STATES. By J, P. Lesley. With maps 
and plates. I toI. 8vo, cloth $S 00 

MACHINISTS-MECHANICS. 

FITZGERALD. THE BOSTON MACHINIST. A complete School for the 
Apprentice and .^dyanoed Machinist. By W. Fit^erald, 1 
vol 18mo, cloth $0 75 

HOLLY. SAW FILING. The Art of Saw Piling Scienlafically Treated 
and Esplained. With Directions for putting in order all kinds 
of Saws, from a Jeweller's Saw to a Steam. Saw-mill. Illus- 
trated by forty-four engravij^s. Tliird edition. By H. W. 
Holly. 1 VOL 18mo, doth $0 75 

KNIGHT. THE MECHANISM AND ENGINEER INSTRUCTOR. 
Comprising Forging. Planing, Lining, Slotting, Shaping, 
Turning, Screw- Cutting, etc., etc. By Cameron Knight. 1 
vd. 4to, half morocco. |15 OC 
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TURNING, &c. 



LATHE, THE. AND ITS USES, ETC.; or, Instruction in 
tile Art of Turjiing Wood and Metal. Including h lesorip- 
tioc of tie liiost modern appliaaoea for the omamentation of 
plane and ctuTad surfaces, with a desoription also of an 
eatjielj novel form of Lathe for BcoBntiic aud Eose Engine 
Tuming', a Lathe and Taming MaeMne combined, and other 
valuabla matter relating to Oie Art 1 yoI. 8vo, copiously 

illustrated. Including Supplement. 8to, doth. %t 00 

" The moat complete wwit on the auhject aver publiriied." — Aineiicosi Arlisaiir 
^'HereiaHn invEilna.ble book to tlie pi.'&cttca^ workmtm and ama-tcuT," — LmidQii 

SUPPLEMENT AND INDEX TO LATHE ANO ITS 
USES. Large type. Paper. Svo ^0 00 

PEINOIPLBS OP MECHANISM. Designed for the use at 
Students in the Universities and for Engineering Stadents 
genorally. By Robert Willis, M.D , F.B.S., President of the 
British Aseooiatiou for the Advancement of Science, &c, &c. 
alarged, 1 vol. Svo, cloth $7 50 



> It ougbt to 

Mechanical isngineenni 
Jledumios, Jio.— Prof, i 



EDWARD 



MANUFACTURES. 

NEW AND COMPLETE , CLOCK ANlj WATOH 
MAKERS' MANUAL. Comprising doaciiptioDS of the 
variona geaiii^, eseapementa, and Compensations now in 
use in Trench, Swiss, ajid English clocks and watches. Patents, 
Tools, etc., witt directions for cleaning and repairing. Wifch 
numerous engravings. Compiled from the French, wlfi, an. 
Appendix contflimng a History of Clock and Watch Making in 
America. By Mary L. Booth. With nlimerous plates. 1 
vol. 12mo, cloth $3 00 

HANDBOOK OK COTTON MANUFAOTUEE; or, A 
Quide to Machine-Building, Spinning, and Weaving. 
With practical examples, all needful calculations, and many 
useful aud important tables. The whole intended to he a 
complete yet compact authority for the manufacture of 
cotton. Bj James Geldard. With st«el er^ravings, 1 vol. 
13mo, cloth $2 50 

MEDICAL, 8.C. 

HINTS TO MOTHERS FOR THH MANAGEMENT OP 
HEALTH DURING THE PERIOD OF PREG- 
NAKOT, AND IK THE LYING-IN ROOM. With an 
exposure of popular errors in connection with those subjects. 
By Thomas Bull, M.D. 1 vol. 13mo, cloth $1 00 

OUTLINES OP A NEW THEORY OF DISEASE, applied 
to Hydropathy, showing that water is the only true remedy. 
With obscrvaliona on tho errors committed in the praotioe of 
Hydropathy, notes on the cure of cholera bj cold water, and 
a critique on Priessnitz's mode of treatment. Intended foi 
popular use. By the late H. Francke. Translated from the 
German by Robert BInkie, M.D. 1 vol ISmo, cloth, . .$1 50 

A TREATISE ON DISEASES OF THE AIH PASSAGES. 
Comprising an inquiry into the History, Pathology, Causes, 
and Treatment of those Affections of the Throat cidled Bron- 
chitis, Chronic Laryngitis, Ciergyman's Sore Threat, etc. , eta 
By Horace Green, M,D. Fourth edition, revised and enlarged. 
1 vol. 8vo, cloth $3 09 

A PRACTICAL TREATISE ON PULMONARY TUBER- 
CULOBIS, embracing its History, Pathology, and Treat- 
ment. By Horace Green, M.D. Colored plates. I vol. 8vo, 
doth ^ 0« 
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GREEM. OBSERVATIONS ON THE PATHOLOGY OF CROUP 

With Remarks on ita Trci^tmout by Topical lledicatiojis. Df 

Horace Greec, M.D. 1 vol. 8vo, cloth $1 35 

" ON THE SURGICAL TREATMENT OF POLYPI OF 

THE LARYNX, AND CEDBMA OF THE GLOTTIS. 

By Horace Green, M.D. 1 vol, 8vo $1 35 

" FAVORITE PRESCRIPTIONS OF LIVING PRACTL 
TIONERS. With a Toiieological Table, eshibitmg the 
Symptoms of Poiaoumg-, the Antidotes for each PoisoQ, and 
the Test prooer for their deteotioQ, By Horace Green. 1 
TOl. 8to, cloth $2 50 

TILT. ON THE PRESERVATION OF THE HEALTH OF 
WOMEN AT THE CRITICAL PERIODS OF LIFE. 
By E, G, Tilt, M.D, 1 vol. ISmo. cloth $0 SO 

VON DUBEN. GUSTAF VON DUBEN'S TREATISE ON MICRO- 
SCOPICAL DIAGNOSIS. With 71 engcavingH, Trans- 
lated, with additions, by Prof. Louia Bauer, M.D. 1 yoL 8vo, 
cloth $1 00 

MINERALOGY. 

BRUSH. ON BLOW-PIPB ANALYSIS, By Prof." Geo, J. BruBh. (In 

pi'eparation.) 

DANA. DESCRIPTIVE MINERALOGY. Comprising the moBt re- 

cent Biaeoveries. Fifth edition. Almost entirely re-written 

and greatly eularged. Containing nearly 900 pages 8vo, and 
upwards of 000 wood engraTinge. By Prof. J. Bana. 

Cloth $10 00 

" We have used a good mnnp workB on Mljierali^y, but have met with uooe thitt 
liegin to comisare with this in fulnvss of plau, detail, and esecutlon." — 

DANA & BRUSH. APPENDIX TO DANA'S MINERALOGY, bringii:^ the 

workdowuto 1872. By Prof, G. J. Brush. Svo $0 50 

DANA. DETERMINATIVE MINERALOGY. 1 vol, (In propa- 

" A TEST-BOOK OF MINERALOGY. 1 vol. (In pcepa- 

MISCELLANEOUS. 
BAILEr. THE NEW TALE OP A TUB. Aa adventure in verse. By 

F. W. N, Bailey. With illustrations, 1 vol 8vo gO 75 

CARLYLE. ON HEROES, HERO-WORSHIP, AND THE HEROIC IN 

HISTORY. Six Lectures, Eeported, with emendations and 
additions. By Thomas Carlyle. 1 vol, 13mo, cloth. . .$0 75 
CATLIN. THE BREATH OF LIFE; or, Mal-Reapiralioa and Its 

Bffeota upon the E;yoy!nents and Lifs ol Man. By Geo. 
Catlin, With numerous wood engravings, 1 vol, Svo, gO 75 
CHEEVER. CAPITAL PUNISHMENT. A Defence of. By Eev. Seoi^ 

B. Cheevei-, D.D. Cloth $0 50 

" HILL DIFFICULTY, and other Miscellanies. By Rot. 

George B. Cheever, D.D, 1 voL I3mo, cloth $1 00 

" JOURNAL OP THE PILGRIMS AT PLYMDUIH ROOK. 

By Geo, B. Cheever, D.D, 1 voL 13mo, oloti $1 00 

t WANDERINGS OP A PILGRIM IN THE ALPS. By 

George B. Cheever, D,D. 1 vol, l^mo, cloth $1 00 

" WANDERINGS OF THE RIVER OF THE WATER OP 

LIFE. By Rev. Dr. George B, Cheever, 1 vol. l;3mo, 

cloth , if! 00 

CONYBEARE. ON INFIDELITY. 13nio, doth 100 

CHi-D'S BOOK OF FAVORITE STORIES. Laige coloiBil plates. 41o, 
dotli $1 SO 
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FREE TOWN LIBRARIES. The Format.icai, Manni-ementi 
and lEstoiy in Britain, Fmnce, Germanj, and Aineriea. 
Tug«:liei' with brief notices of bo ok -collectors, and oi the 
respeotive places of deposit of tteir suniiving eollfioLiona. 
By Edward Edwards. 1 vol. thick 8yo $4 00 

THE PBNTATEDCH VINDICATED PEIOM THE AS- 
PEESIONS OP BISHOP COLENSO. By Wm. Henrj 
Green, Pcof. TheologieaJ Seminary, Princetoc, N. J, 1 ToL 
12rao, cloth jl 35 

PHRENO-MNEMOTECHNYj or, The Art oi Memory, 
The seiies of Leetaree esplacatorj of the principles ol the 
syatem. By Frauds Pauvel-Gouraud. 1 vol. 9yo, cloth, $3 00 

PHHENO-MNBIGOTEOHNia DICTIONAHTT. Being a 
Philosophical Claasification of all the Homophonic Words of 
the Bngliah Language. To be used in the applioation of the 
Pliieuo-Miiemoteohmo Prinoiplea. By Francis Fauvel Gou- 
raud. 1 vol. 8vo, cloth $2 00 

LEILA ADA. ISmo, cloth 1 00 

LEII^ ADA'S REIIATIVDS. 13mo, cloth 1 00 

CATALOGUE OP AMERICAN BOOKS. The American 
Catalogue of Books. fn>iii January, I8fll, to Jauuaiy, 1866. 

Cumpiled by James Kelly. 1 vol. Sto, net cash $5 00 

CATALOGUE OP AMERICAN BOOKS. The American 
Catalogue of Books from January, 1866, to January, 1871. 

Compiled hy James Kelly. 1 vol. 8to, net $7 50 

COLLECTION OF QENUINB SCOTTISH MELODIES. 
For the Piano- Forte or Haimoninm, in keys suitable for the 
voice. Hajsiionized by C. H. Morine. Edited by Geo. Alex- 
ander. 1 vol, 4lo, half calf $10 00 

A COMPARATIVE ORAMMAK OP THE FRENCH, 
ITALIAN, SPANISH, AND PORTUGUESE LAN- 
GUAGES. By Edwin A. Notley 1 -vol., cloth $5 00 

POLAR MAGNETISM. First and Second Lectures. By John 

A. Parker. Each $0 S5 

NON-EKISTBNCE OF PROJECTILE FORCES IN 

NATURE. By John A. Pai'ker ,....p S3 

A POCKET BIBLE. Illustrated. 13mo, cloth $1 00 

PROVERBIAL PHILOSOPHY. 12mo 1 00 

THE COMPLETE ANGLER; or, The Contemplative Man's 
i. Recreation, by Isana Walton, aud Instructions how to Angle 

for a Tiout or Grayling in a Clear Stream, by Charles 
Cotton, with copious notes, for the most part originaL A 
bibliographical preface, gi'i'^ an aoooimt of flshing- and 
Fisbi^ Books, from lie earliest antiquity to the time of 
Walton, and a notice of Cotton and lus wiitingB, by Rov. 
Dr. Bethune. To which is added an appendix, including 
the most complete catali^ue of books in angling ever printed, 
&o. Also a general index to the whole work, i vol. 12mo, 

cloth 1^3 00 

NOTES ON POLYTEOBNIO OR SOIENTIFIO SOHOOLS 
IN THE UNITED STATES. Their iSatute, Position, 

Aims, and Wants. By S. Edward Warren. Paper $0 40 

THE MIDDLE KINGDOM. A Survey of the Geography, 
Government, Education, Social Life, Arts, Religion, &c, of 
the Chinese Empire and its Inhabitants. With a new map of 
the Empire: By S. Wells Williams, Fourth edition, in 
2 vols $4 00 



Hosted by 



Google 



JOHN WILEY i 



r Oi' PUBLICATIONS, 



RUSKIN'S WORKS. 

miiTm-m Iti tHe. md Ui,!i. 
MODERN PAINTERS, 5 vols, tinted paper, bevelled toardH, 

plates, in bos $18 08 

MODERN PAINTERS. 5 toIs. half calf 37 00 

" " " withcnxfc plates 18 00 

■' " " " half calf, SO 00 

Vol. 1. — Part 1. General Principles. Pait 3. Truth. 
Vol. 3.— Part 3. Of Ideas of Beauty. 
Vol. 3.— Part 4. Of Many Things. 
VoL 4.— Part 5. Of Mouatain Bsauty. 
Vd. 5.— Part 6. Leaf Beautj-. Part 7. Of Cloud Beanty. Part 

8. Ideas of Belation of InTention, PormaL Part 9. Ideas of 

Relation of IcTeatioa, Spiritual. 
STONES OF VENICE. 3 vols., on tinted paper, bfivelled 

boards, in bos $7 00 

STONES OP VENICE. 3 vols., on tinted iinpei, half 

calf. $13 Oil 

STONES OF VENICE. 3 vols., doth 6 00 

VoL 1.— Tho foundations. 

Vol. a.— The Sea Stories. 

Vol. 3 The FbIL 

SEVEN LAMPS OF AROHITECTURES. With Ulu.itrations, 

drawn and etched by the authors. 1 vol. 13mo, clotb, $1 75 
LEOTURES ON ARCHITECTURE AND PAINTING. 

With illustrations drawn by the author. 1 toI. 13mo, 

cloth. $1 50 

THE TWO PATHS. Being Lectures oa Art, and Us Appli- 
cation to Decoration and Manufacture. With plates and 

cuts. 1 vol, ISiuo, cloth $1 35 

THE ELEMENTS OF DRAWING. In Throe Letters to 

Beginners. With illustrations drawn by the author. 1 vol. 

12niO, cloth $1 00 

THE ELEMENTS OP PERSPECTIVE. Arranged for the 

use of Schools. 1 vol. 13nio, doth $1 00 

THE POLITICAL ECONOMY OF ART. 1 vol, 13mn, 

cloth. |1 00 

PRE-HAPHABLITISM. l 

NOTES ON THE CONSTRUCTION OF , , ,„ 

sHBEProiDs. yiXirm 

KING OF THE QOLDSN RIVER; or, The [ 
Black Brothers. A Legend of Stiria. J 

SESAME AND LILIES, Three Lectures on Soofcs, Women, 
&c. 1. Of Kings' Treasuries. 3. Of Queens' Gardens. 3. 
Of the Mystery of Life, 1 vol. ISmo, cloth $1 50 

AN INQUIRY INTO SOME OF THE CONDITIONS AT 
PRESENT AFFECTING "THE STUDY OF AR- 
CHITECTURE" IN OUR SCHOOLS. I TOl. 13mo, 
paper. ^0 15 

THE ETHICS OF THE DUST. Ton Leotm-es to Little 
Housewives, on the Elements of Crystallization. 1 vol. 
13ino, cloth $1 35 

"UNTO THIS LAST." Four Essays on the Fust Principles of 
Political Economy. 1 vol, 13mo, cloth %l 00 
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